Comparative validity of measures of implicit exercise associations by Zenko, Zachary
Graduate Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2016
Comparative validity of measures of implicit
exercise associations
Zachary Zenko
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/etd
Part of the Kinesiology Commons, and the Psychology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Graduate Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Zenko, Zachary, "Comparative validity of measures of implicit exercise associations" (2016). Graduate Theses and Dissertations. 16535.
https://lib.dr.iastate.edu/etd/16535
  
 
5
9
 
Comparative validity of measures of implicit exercise associations 
 
by 
Zachary Zenko 
 
A dissertation submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
DOCTOR OF PHILOSOPHY 
 
Major: Kinesiology 
 
Program of Study Committee: 
Panteleimon Ekkekakis, Major Professor 
Elizabeth Hoffman 
Duck-Chul Lee 
Rick Sharp 
Spyridoula Vazou 
 
 
Iowa State University 
Ames, Iowa 
2016 
 
 
 
 
 
Copyright © Zachary Zenko, 2016. All rights reserved 
ii 
 
DEDICATION 
 
 This work is dedicated to my wonderful wife, Magdalena. Throughout this 
project, she has constantly loved and supported me, helped me cope with my anxieties, 
and allowed me to spend countless late nights at the lab and writing. Magda must 
influence my sinoatrial node, because my heart skips a beat each time I see her. 
This work is dedicated to my parents, Jeffrey and Patricia, who never stopped 
believing in me and encouraging me. I have the utmost appreciation for their laissez-faire 
approach to my direction in life. All they have ever wanted is for me to be happy and 
they have given me the autonomy necessary to find that happiness, with plenty of 
guidance along the way. This work is also dedicated to my brother, Jeff, my sister-in-law, 
Talia, and my grandparents, Judy and John. Like my parents, they have always been a 
source of support and encouragement.  
 This work is dedicated to all of the educators that have helped me become the 
student, scholar, and person that I am today, especially: Drs. Panteleimon “Paddy” 
Ekkekakis, Jim Roberts Jr., Bethany Barone Gibbs, Ruth Stauffer, Ann Smiley-Oyen, 
Elizabeth Nagle, and Noriko Shiota, Coach Greg Yerkes, Coach Doug Watts, Mr. Jamie 
Huber, Mrs. Sonya Villari, and Mr. Glenn Patterson. 
 This work is dedicated to all of my students, past and future.  
Lastly, this work is dedicated to all of my friends at Iowa State. In the last four 
years, I have had pleasant interactions with every single person in the Department of 
Kinesiology. I’ve also had the pleasure of meeting many other people from around 
campus. The memories we made together will not be forgotten.
iii 
 
TABLE OF CONTENTS 
 
          
  
Page 
 
ABSTRACT ..……………………………………………………………………... 
 
v 
 
CHAPTER 1: BACKGROUND AND THEORETICAL FOUNDATION ..……... 
 
1 
 
Chapter Overview …………………………………………………………. 
 
1 
Background and Significance ……………………………………………... 1 
Current Theories and the Rationality Assumption ………………………... 3 
Need for Radical New Theorizing ………………………………………… 6 
Summary of Theoretical Framework ……………………………………… 16 
Problem, Purpose, Assumptions and Hypotheses ………………………… 17 
  
CHAPTER 2: LITERATURE REVIEW ………………………………………….. 20 
  
Chapter Overview …………………………………………………………. 20 
On Attitudes versus Associations …………………………………………. 21 
On Automaticity …………………………………………………………... 22 
Measurement of Implicit Associations ……………………………………. 23 
Comparison of Implicit Measures ………………………………………… 46 
Manipulating Affective Responses to Exercise …………………………… 53 
Chapter 2 Summary ……………………………………………………….. 54 
  
CHAPTER 3: METHODS AND PROCEDURES ………………………………... 56 
  
Participants ………………………………………………………………... 56 
Measures …………………………………………………………………... 57 
Procedures ………………………………………………………………… 75 
Data Processing …………………………………………………………… 80 
Data Analysis ……………………………………………………………… 82 
  
CHAPTER 4: RESULTS ………………………………………………………….. 87 
  
Characteristics of the Individualized Exercise Intensity ………………….. 87 
Characteristics of Experienced Pleasure …………………………………... 88 
Characteristics of Recalled Affect ………………………………………… 89 
Implicit Measure Administration Time and Efficiency …………………… 90 
Implicit Measure Outlier and Timeout Percentage ………………………... 91 
Implicit Measure Internal Consistency ……………………………………. 91 
Comparative Validity of Implicit Measures in the Exercise Domain …….. 92 
Moderation Analyses ……………………………………………………… 96 
 
 
iv 
 
TABLE OF CONTENTS (CONTINUED) 
 
 Page 
 
CHAPTER 5: DISCUSSION AND FUTURE DIRECTIONS …………………… 
 
100 
  
Administration Time, Task Efficiency, and Internal Consistency ………... 102 
Comparative Validity ……………………………………………………... 103 
Moderation Analyses ……………………………………………………… 112 
Conclusions and Future Directions ………………………………………... 114 
  
REFERENCES ……………………………………………………………………. 116 
  
APPENDIX A: POWER CALCULATIONS ……………………………………... 136 
  
APPENDIX B: INSTITUTIONAL REVIEW BOARD APPROVAL LETTER …. 137 
  
APPENDIX C: IMPLICIT MEASURE STRENGTH OF ASSOCIATION WITH 
EXPERIENCED PLEASURE AS A FUNCTION OF TASK ORDER …………. 
 
138 
  
APPENDIX D: IMPLICIT MEASURE STRENGTH OF ASSOCIATION WITH 
RECALLED AFFECT AS A FUNCTION OF TASK ORDER ……………….…. 
 
139 
  
APPENDIX E: IMPLICIT MEASURE STRENGTH OF ASSOCIATION WITH 
AFFECTIVE ATTITUDES AS A FUNCTION OF TASK ORDER ……….……. 
 
140 
  
APPENDIX F: IMPLICIT MEASURE STRENGTH OF ASSOCIATION WITH 
EXERCISE BEHAVIOR AS A FUNCTION OF TASK ORDER ………….……. 
 
141 
  
ACKNOWLEDGEMENTS ...……………………………………………………... 142 
  
  
  
  
  
  
 
  
 
 
 
 
 
 
 
 
v 
 
ABSTRACT 
 
 
 Researchers in the broad domain of public health are becoming increasingly 
interested in the study of implicit exercise associations (IEA), which are theorized to be 
predictive of exercise behavior. Interventions designed to improve IEA may enhance exercise 
promotion, and accounting for differences in IEA may help explain exercise behavior. 
Despite increasing interest in IEA, researchers are unable to justify their measurement 
choices because the comparative validity is unknown. No investigation has compared the 
validity of measures of IEA within the same sample. Purpose: The primary purpose of this 
dissertation was to compare the validity and reliability of nine measures of IEA for the first 
time. The secondary purpose was to explore if rational thought-processing styles moderate 
the relation between IEA and exercise behavior or explicit attitudes. Methods: University 
community members (N = 95) completed three laboratory visits. First, participants underwent 
exercise testing to identify their ventilatory threshold (VT).  One week later, the participants 
returned for a session that consisted of 15 minutes on a recumbent cycle ergometer with the 
last 10 minutes at the intensity corresponding to their VT, in an effort to create maximum 
variability in affective responses. Experienced pleasure-displeasure during exercise was 
measured using the Feeling Scale (Hardy & Rejeski, 1989). Remembered pleasure of the 
exercise session (“recalled affect”) was measured 5 min postexercise using the Empirical 
Valence Scale (Lishner, Cooter, & Zald, 2008). One week later, participants returned for an 
Implicit Measurement Session. Participants completed nine measures of IEA in random 
order. Participants also responded to questions about their explicit affective attitudes and 
exercise behavior, and completed tasks to assess their rational-thought processing styles. 
Experienced pleasure-displeasure, recalled affect, affective attitudes, and exercise behavior 
vi 
 
served as validation criteria. Validity was assessed with a series of bivariate correlation 
analyses between each implicit measure and the validity criteria. 
 Results: Eight tasks had acceptable-to-high internal consistency. Only the Approach-
Avoidance Task was significantly related to any of the validity criteria after adjustment for 
multiple comparisons. Exploratory analyses revealed the possibility that validity estimates 
deteriorated as tasks were performed later, meaning that the most valid measure could not be 
identified conclusively. Implications and recommendations based on these results are 
discussed. Moderation analyses indicated that no measure of rational thought-processing 
capacity or tendency moderated (a) the relation between IEA and exercise behavior, or (b) 
the relation between IEA and explicit attitudes. Conclusions: Based on the entire sample, 
these data suggest the Approach-Avoidance Task is the most valid measure of IEA. This 
must be interpreted judiciously, however, due to the unexpected importance of task order. A 
research agenda to improve upon the limitations of this dissertation is proposed. 
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CHAPTER 1 
BACKGROUND AND THEORETICAL FOUNDATION 
Chapter Overview 
 Chapter 1 begins with a brief overview of the current status of regular physical 
activity behavior in industrialized society, which is low despite widespread knowledge of 
the benefits of physical activity. This is followed by a brief overview of the cognitivist 
theories that dominate the current paradigm of behavior change. Each of these theories 
shares a common assumption, namely that the decisions to engage in or avoid a behavior 
are based on rationality. Then, a new theoretical framework is introduced. This 
framework assumes that, in addition to the presently recognized reasoned and “rational” 
influences on exercise behavior, automatic, heuristic processes also contribute to exercise 
behavior. Chapter 1 concludes with the main problem addressed by this dissertation: This 
new theoretical framework cannot be reliably tested because the best method for 
assessing a primary theoretical construct is currently unknown.  
Background and Significance 
Regular physical activity and exercise has tremendous health benefits. It is now 
clear that regular physical activity reduces the risk of cardiovascular disease, diabetes, 
hypertension, various cancers, depression and premature mortality (Warburton, Nicol, & 
Bredin, 2006). Evidence now suggests that regular exercise is equally as effective as drug 
therapy for reducing mortality risk (Naci & Ioannidis, 2013). Some researchers have 
suggested that when considering both the cost and side effects of drug therapy and the 
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preventive benefits of exercise, regular exercise may be even more effective than drug 
therapy (Fiuza-Luces, Garatachea, Berger, & Lucia, 2013).  
Despite the plethora of benefits associated with regular physical activity and 
exercise, most people remain physically inactive. For example, evidence from large 
national studies employing objective behavioral measures indicates that over 95% of US 
adults fail to engage in sufficient levels of activity, according to physical activity 
recommendations and public health guidelines (Troiano et al., 2008; Tudor-Locke, 
Brashear, Johnson, & Katzmarzyk, 2010), while over 98% of obese individuals do not 
meet the recommended activity levels for weight maintenance (Young, Jerome, Chen, 
Laferriere, & Vollmer, 2009). This represents a tremendous public health (Blair, 2009; 
Kohl et al., 2012) and economic (Chenoweth & Leutzinger, 2006; Katzmarzyk & 
Janssen, 2004; Scarborough et al., 2011) crisis.  
Strikingly, the population attributable fraction associated with physical inactivity 
indicates that if physical inactivity were eliminated, 9% of premature death would be 
prevented, and worldwide burden from disease would be greatly reduced. Further, if 
physical inactivity were simply reduced by 10%, it is estimated that 1.3 million deaths 
worldwide would be prevented each year (Lee et al., 2012). This indicates that small 
increases in physical activity or exercise behavior can have dramatic public health 
benefit. In other words, large population-level increases in activity level are not necessary 
for large public health benefits. 
Considering that more than 90% of American (Martin, Morrow, Jackson, & 
Dunn, 2000; Morrow, Krzewinski-Malone, Jackson, Bungum, & FitzGerald, 2004) and 
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British (O’Donovan & Shave, 2007) adults are aware of at least some health benefits of 
activity, it is unlikely that the lack of exercise behavior is caused by a lack of education 
or knowledge. Arguably, the large contrast in numbers of physically inactive people with 
people aware of the benefits of physical inactivity is indicative of nonrational behavior. If 
physical activity confers such tremendous benefits, and physical inactivity has such 
severe costs, then the rational course of action is to engage in regular physical activity or 
exercise behavior. 
Current Theories and the Rationality Assumption 
Interventions designed to increase physical activity behavior have been 
traditionally derived from the cognitivist information-processing paradigm, where the 
costs of physical inactivity are contrasted with the benefits of physical activity. Theory-
based interventions adopt the assumptions of the theoretical frameworks that guide them. 
The common assumption tying all cognitivist theories together is that the decision to 
engage in any behavior follows a rational process. Applied to the exercise domain, these 
theories assume that people adopt exercise behavior following a rational decision-making 
process. 
The criteria of rationality adopted here are based on Elster (2004). Rationality 
requires that choices are based on self-interests and preferences, and that those self-
interests and preferences are based on logic and reason. This does not require that actions 
and beliefs are infallible or objectively correct. Instead, it requires that behavior is goal-
dependent and designed to meet an objective, and that the behavior is based on 
expectancy grounded in reason. This requires that a person behaves optimally and never 
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make systematic mistakes when adequate information is available for processing. This set 
of criteria is reminiscent of expectancy-value theories. If outcome Y of behavior X is 
valued, and behavior X is expected to result in outcome Y, then behavior X will 
rationally follow. According to the cognitivist paradigm, if information about exercise 
behavior conveys benefits, and information about physical inactivity conveys costs, then 
exercise behavior is rational and physically inactive lifestyles are not. 
These criteria of rationality are also in agreement with the conceptual framework 
put forth by Fishbein and Ajzen (1975) when introducing the theory of reasoned action, 
the predecessor of the theory of planned behavior (TPB; Ajzen, 1991). This approach 
“views man as an essentially rational organism, who uses information at his disposal to 
make judgments, form evaluations, and arrive at decisions” (Fishbein & Ajzen, 1975, p. 
14, sexist language retained). Nonrational behavior is assumed to be the result of 
misinformation, lack of information, or nonrational information (Ajzen & Fishbein, 
2005). Similarly, each of the prominent theories in the exercise sciences, in one degree of 
explicitness or another, assumes rationality such that improving outcome expectations of 
a behavior through information-processing, education, and raising awareness will 
increase the value of exercise behavior and consequently improve exercise behavior itself 
(ACSM, 2013). 
For example, according to social cognitive theory (SCT), behavior occurs after 
people “process, weigh, and integrate diverse sources of information concerning their 
capability, and they regulate their choice behavior and effort expenditure accordingly” 
(Bandura, 1977a, p. 212). People are assumed to “set goals for themselves, anticipate the 
likely consequences of prospective actions, and select and create courses of action likely 
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to produce desired outcomes… [People] plan ahead, reorder their priorities, and structure 
their lives accordingly” (Bandura, 2001, p. 7). Put differently, people plan, calculate, and 
act in their best interests. Like Ajzen and Fishbein (2005), Bandura attributed nonrational 
behavior to misinformation or lack of information: 
To say that people base many of their actions on thought does not necessarily 
mean they are always objectively rational. Rationality depends on reasoning skills 
which are not always well developed or used effectively.  Even if people know 
how to reason logically, they make faulty judgments when they base their 
influences on inadequate information or fail to consider the full consequences of 
different choices. Moreover, they often misread events in ways that give rise to 
faulty conceptions about themselves and the world around them. When they act 
on their misconceptions, which appear subjectively rational given their errant 
basis, such persons are viewed by others as behaving in an unreasoning, if not 
downright foolish, manner (Bandura, 1986, p. 19). 
The position taken here is not that theories based on cognitivist assumptions lack 
merit. Indeed, meta-analyses have demonstrated the ability of the TPB (Ajzen, 1991) to 
account for approximately 27% of the variance in PA behavior. Likewise, factors based 
on SCT (e.g., self-efficacy, (Bandura, 1977b, 1998) have also shown effectiveness in 
predicting PA behavior and interventions inspired by SCT have demonstrated utility. 
While the majority of variance in physical activity behavior remains unaccounted for by 
the TPB (Armitage & Conner, 2001; Hagger, Chatzisarantis, & Biddle, 2002) and SCT 
(Plotnikoff, Costigan, Karunamuni, & Lubans, 2013), these frameworks are still useful to 
researchers, interventionists and practitioners. 
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Instead, the position adopted here critically highlights the limitations of these 
theories, in addition to the merit. The TPB, SCT, and other frameworks based on the 
cognitivist paradigm have been the foundation of several interventions. A meta-meta-
analysis, combining the effect sizes from 18 meta-analyses theory-based physical activity 
interventions, indicates that the pooled effect is “small” (Ekkekakis & Zenko, in press). 
From a critical perspective, these interventions leave considerable room for improvement.  
Need for Radical New Theorizing 
Considering that (a) most people are physically inactive despite widespread 
knowledge of the benefits of physical activity and consequences of inactivity, (b) 
physical activity promotion efforts based on theories that assume rationality reliably 
produce only small improvements, and (c) knowledge that 44.5% of all deaths in the 
United States can be attributed to personal decisions, including poor dietary and exercise 
behaviors (Keeney, 2008), it seems reasonable to question the assumption of rationality.  
As Thaler and Sunstein suggest, when considering the aforementioned anomalies, 
“people’s current choices cannot reasonably be claimed to be the best means of 
promoting their well-being” (2009, p. 7).  
On Type 1 and Type 2 processes 
In contrast to cognitivist theories that assume rationality, dual-process theories 
that have emerged in the past few decades acknowledge that, in addition to reasoned 
decision-making processes, more automatic, nondeliberative decision-making processes 
also contribute to human behavior. Evans (1984) used the terms heuristic and analytic to 
refer to these nonrational and rational processes, respectively. Evans theorized heuristic 
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processes to be “pre-attentive, rapid, and indescribable by the person using them” (p. 
452). On the other hand, analytic processes “are seen to test information which has been 
generated selectively by heuristic processes” (p. 452). In other words, whereas heuristic 
processes are characterized by rapidity and automaticity, analytic processes are slower 
and more controlled, and theorized to endorse or override the information provided by 
heuristic processes. Since Evans, several authors have used different terms to refer to 
dual processes that function similarly to heuristic and analytic processes, respectively. 
These labels include, but are not limited to experiential versus rational (Epstein, 1994), 
associative versus rule-based (Sloman, 1996), affective versus analytical (Peters & 
Slovic, 2000), experiential versus analytic (Slovic, Finucane, Peters, & MacGregor, 
2002), affective versus deliberative (Figner, Mackinlay, Wilkening, & Weber, 2009), and 
impulsive/reactive versus reasoned/reflective (Alós-Ferrer & Strack, 2013).  
In an effort to synthesize the variety of terms, Stanovich and West (2000) 
introduced the generic labels “System 1” versus “System 2”. System 1 was the label for 
heuristic, associative, affective, and analogous processes. System 2 referred to analytic, 
rational, rule-based, and other analogous processes. More recently, the nomenclature 
“System 1 and System 2” has been replaced with Type 1 and Type 2 processes, 
respectively, and the defining features have been clarified (Evans & Stanovich, 2013). 
Type 1 processes are correlated with rapidity, automaticity, associative learning, and 
independence from cognition. These processes do not require working memory and are 
evolutionary more primitive than Type 2 processes. In addition to an evolutionarily more 
recent developmental history, Type 2 processes are correlated with relatively slower 
processing, rule-based learning, controlled and deliberative action rather than 
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automaticity, and nonindependence from cognition. Type 2 processes are defined by a 
dependence on working memory and mental simulation.  
The position that Type 1 processes operate more rapidly, and can be endorsed or 
overridden by Type 2 processes, was adopted by Kahneman (2011), who originally used 
the terms System 1 and System 2. Importantly, Kahneman noted that Type 2 processes 
are often biased by Type 1 processes because Type 1 processes occur much more rapidly 
and with less effort:  
On some occasions… a heuristic answer will be endorsed by System 2. Of course 
System 2 has the opportunity to reject this intuitive answer, or to modify it by 
incorporating other information. However, a lazy System 2 often follows the path 
of least effort and endorses a heuristic answer without much scrutiny of whether it 
is truly appropriate (Kahneman, 2011). 
 The emphasis on Type 1 processes as biasing devices is revisited later. 
The automaticity of Type 1 processes  
The assumption that Type 1 processes happen independently and before cognitive 
deliberation, and are elicited automatically is central to this proposal and shared by 
several other authors (Berkowitz, 1993; Damasio, 1994; Morewedge & Kahneman, 2010; 
Murphy & Zajonc, 1993; Winkielman et al., 2005; Zajonc, 1980, 1984). For example, 
Berkowitz (1993) postulated that “relatively basic and automatic associative processes 
supposedly are dominant at the outset… Complicated thoughts of the kind emphasized by 
most sociocognitive theories theoretically have little influence at this time… afterward, 
cognitive processes become much more important” (p. 10, emphasis added). Berkowitz’ 
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conceptual framework was in response to the paradigm in anger research of the time. 
Analogously, the framework put forth here is in response to the current cognitivist 
theories used to promote exercise behavior (e.g., TPB, SCT, etc.) and their underlying 
assumption of rationality.  
Theories borne out of cognitivism would suggest, for example, that an exerciser 
cognitively appraises information, derived from either interoceptive cues, from the body, 
or exteroceptive cues from the environment. Feelings, in turn, are experienced in 
response to that cognitively processed information. Like Berkowitz and others, the 
perspective adopted here is that rudimentary, Type 1 processes occur prior to any 
cognitive appraisal.  
In this dissertation, the focus is on the Type 1 processes involving affective 
reactions and associations. The proposed reincorporation of affective and other automatic 
factors into a theory of physical activity behavior and decision making advocated here 
mirrors the reemergence of these factors into the realm of other fields, including 
economics. The concept of affect playing a role in utility and value can be traced back to 
the 1700s. But economists have traditionally eliminated affective and psychological 
factors from the concept of utility (Camerer, 1999; Kahneman, Wakker, & Sarin, 1997; 
Loewenstein, 2000). Similarly, affective factors have a long history of being recognized 
influences on human motivation and behavior. Recently, affective factors have been 
recognized as determinants of health behavior (Sheeran, Gollwitzer, & Bargh, 2013), but 
“the present generation of researchers in exercise psychology has been educated in an 
academic culture that is almost entirely devoid of information about the role of affect as a 
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motivating force in human behavior” (for review see Ekkekakis & Dafermos, 2012, p. 
301; Ekkekakis & Zenko, in press).  
The biasing of Type 2 processes  
How can affective responses and associations be elicited automatically and 
without mediation from cognitive deliberation? More evolutionarily recent neural 
structures allow reasoning, planning, and cognitive control over affective and visceral 
influences through distraction, reappraisal, inhibition, and regulation (Dias, Robbins, & 
Roberts, 1996; Goldin, McRae, Ramel, & Gross, 2008; Gyurak et al., 2009; Kanske, 
Heissler, Schönfelder, Bongers, & Wessa, 2011; McRae et al., 2010; Ochsner & Gross, 
2005). These effortful, controlled processes are associated with Type 2 processes and can 
override automatic affective processing. However, because of the automaticity of affect, 
Type 1 affective reactions are theorized to modify these Type 2 regulatory processes and 
always maintain influence on decision making, and ultimately behavior.  
Moreover, when neural structures and factors associated with Type 2 processes 
are compromised, the behavioral influence of Type 1 affective and automatic processing 
increases (Hofmann, Friese, & Roefs, 2009; Hofmann, Gschwendner, Friese, Wiers, & 
Schmitt, 2008; Kahneman & Frederick, 2002). For example, Shiv and Fedorikhin (1999) 
found that when cognitive resources are limited, people have a tendency to make choices 
that appeal more to affect (chocolate cake) than favorable cognitions (fruit salad). 
Additionally, when time pressure is present, people have a tendency to rely on affective 
processes more (Finucane, Alhakami, Slovic, & Johnson, 2000). Evidence from 
neuroscience highlights the automatic reactivity of the amygdala and other neural 
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structures associated with affective responses; their influence on ensuing behavior 
supports this assumption (De Martino, Camerer, & Adolphs, 2010; Gläscher & Adolphs, 
2003; Gospic et al., 2011; Knutson, Rick, Wimmer, Prelec, & Loewenstein, 2007; 
Kuhnen & Knutson, 2005; Martino et al., 2006; McClure, Ericson, Laibson, Loewenstein, 
& Cohen, 2007; Pessiglione et al., 2007; Whalen et al., 1998, 2004). Automatically 
elicited, nondeliberated affective responses are known to have a reliable, direct influence 
on behavior (Coombes, Cauraugh, & Janelle, 2006; Dempsey & Mitchell, 2010; 
Winkielman et al., 2005).  
 
Figure 1.1. Automatic, Type 1 processes are theorized to influence more 
controlled and rational Type 2 processes, which in turn influence behavior. 
Accumulating evidence also suggests that Type 1 processes influence behavior 
directly. Contemporary theories based on the cognitivist paradigm only account 
for the influence of Type 2 processes on behavior.  
 
Still, cognitivist theories do not acknowledge direct influence of affective 
responses or associations on behavior. For example, the reasoned action framework only 
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includes affective factors (e.g., mood and emotions) as indirect influences on behavior 
(Fishbein, 2008). The framework proposed here improves upon this by including 
affective-heuristic (and other Type 1) processing as a direct influence on behavior, and a 
direct influence on Type 2 processes (see Figure 1.1). 
The biasing of Type 2 processes: The Somatic Marker Hypothesis 
Bechara and Damasio hypothesized a mechanism for this biasing two decades ago 
when they introduced the somatic marker hypothesis (Bechara & Damasio, 2005; 
Bechara, 2004; Damasio, 1994). Damasio (1994) hypothesized that through repeated 
association, different outcomes, behaviors, and thoughts of behavior become linked with 
a particular somatic marker, or somatic state. 
Somatic markers are a special instance of feelings…. When a negative somatic 
marker is juxtaposed to a particular future outcome the combination functions as 
an alarm bell. When a positive somatic marker is juxtaposed instead, it becomes a 
beacon of incentive” (Damasio, 1994, pp. 173-174).  
 According to the somatic marker hypothesis, somatic markers can arise from 
changes in the body (called the body-loop) or from changes in the somatic representation 
of the body in the brain (called the as-if loop). In addition, somatic markers can be 
activated overtly or covertly. 
When this process is overt, the somatic state operates as an alarm signal or an 
incentive signal. The somatic state is alerting you to the goodness or badness of a 
certain option-outcome pair. The device produces its result at the openly cognitive 
level. When the process is covert the somatic state constitutes a biasing signal. 
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Using a direct and non-conscious influence… the device influences cognitive 
processing (Damasio, 1996, p. 1415) 
  Thoughts that occur while making decisions about a behavior and their 
corresponding somatic markers can be elicited by the decision-making process itself, 
without any direct physiological cause. This relies on the “as-if body loop” because 
affective reactions and associations occur as-if the body had actually carried out the 
decision and achieved a particular behavioral outcome. If that particular behavior is 
“marked” with positive valence, then deliberative, Type 2 processes are biased in favor of 
carrying out the behavior. Alternatively, if the behavior is “marked” with negative 
valence, then these processes will be biased and the likelihood of carrying out the 
behavior will be reduced. The primacy and automaticity of these affective reactions 
should not be ignored, nor should their bias of analytical and deliberative processes be 
disregarded. Again, these affective reactions come prior to any cost-benefit analyses and 
reasoning and do not require any level of cognition to have behavioral influence 
(Winkielman et al., 2005).  
Before you apply any kind of cost/benefit analysis to the premises, and before you 
reason toward the solution of the problem, something quite important happens: 
When the bad outcome connected with a given response option comes to mind, 
however fleetingly, you experience an unpleasant gut feeling (Damasio, 1994, p. 
173). 
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The biasing of Type 2 processes: The affect heuristic  
This automatically elicited reaction is central to the affect heuristic. Inspired by 
Damasio’s  research on somatic markers, Finucane, Alhakami, Slovic, & Johnson (2000) 
proposed that “images, marked by positive and negative affective feelings, guide 
judgment and decision making” (p. 3); this is a basic component of the affect heuristic 
(see also Slovic, Finucane, Peters, & MacGregor, 2007). The affect heuristic “implies 
that people base their judgments… not only on what they think… but also on how they 
feel” (Slovic, Finucane, Peters, & MacGregor, 2004, p. 315, emphasis retained). To 
clarify, it is the Type 1 affective reactions experienced during the decision-making 
process, elicited by somatic markers—not the expected affective consequences of the 
behavior—that are assumed to bias cognitive deliberation (Damasio, 1994; Loewenstein 
et al., 2001; Peters, Lipkus, & Diefenbach, 2006; Peters, 2006; Slovic et al., 2004; Slovic, 
Finucane, Peters, & MacGregor, 2002). 
Peters and colleagues (Peters et al., 2006; Peters, 2006) illustrated that affect may 
also bias deliberation in other ways. It may guide the deliberation process by focusing it 
on particular information, it may influence information processing efforts, and it may 
alter the magnitude of influence that certain information has such that affective 
information influences judgment more easily than nonaffective information (see also 
Verplanken, Hofstee, & Janssen, 1998).   
The influence of automatic affective processing on health behavior has recently 
been explored (de Bruijn, Keer, Conner, & Rhodes, 2012). For example, Walsh and 
Kiviniemi (2014) used an implicit manipulation of affective associations with fruits and 
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found that improvements in the valence of affective associations with fruits caused 
meaningful increases in fruit consumption, despite “no changes in self-reported affective 
associations or cognitive beliefs” (see abstract). This is an interesting result because 
evidently, automatic and implicit associations are associated with physical activity and 
exercise behavior (Antoniewicz & Brand, 2016a, 2016b; Bluemke, Brand, Schweizer, & 
Kahlert, 2010; Calitri, Lowe, Eves, & Bennett, 2009; Hyde et al., 2012). Taken together, 
this evidence suggests that affective processing may have an impact on behavior and 
should be included in theories used to promote health. 
Research applying the affect heuristic to physical activity and exercise is scarce. 
However, Kiviniemi, Voss-Humke, and Seifert (2007) found that affective associations 
with physical activity were associated with behavior, even when controlling for cognitive 
variables. Perhaps more strikingly, Kiviniemi and colleagues (2007) provided the first 
evidence of the role of the affect heuristic in exercise behavior. Affective associations 
mediated cognitive components of the Health Belief Model (i.e., another cognitivist, 
expectancy-value theory) and TPB. Furthermore, cognitively based constructs, like 
attitudes, perceived benefits, and social norms were no longer significant predictors of 
behavior when controlling for affective associations. In other words, the relationships of 
these factors with exercise behavior were completely mediated by affective associations. 
In recognizing the implications of their research, the authors suggested that the 
mediational relationship is conducive of “quicker decisions because the affective 
associations can signal decision choices without the individual having to work through 
cognitive beliefs each time a decision is made” (p. 156), a conclusion highly consistent 
with the affect heuristic. 
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It is theorized that affective experiences during exercise are responsible for 
forming somatic markers that the decision-making process elicits. In other words, the 
pleasure experienced during exercise is postulated to impact the valence of the affective 
associations that bias Type 2 processes, and ultimately influence future exercise behavior.  
Summary of Theoretical Framework 
It is theorized that Type 1 processes – especially affective responses and 
associations – influence behavior in conjunction with Type 2 processes, both indirectly 
and directly. In addition, the affect heuristic suggests that if a behavior is associated with 
positive affect, the likelihood of repeating the behavior increases. Applied to the exercise 
context, it is theorized that the likelihood of exercise behavior will be maximized if Type 
1 processes are congruent with Type 2 processes. In contrast, the likelihood of exercise 
behavior is theorized to be reduced when Type 1 processes are incongruent with Type 2 
processes. For example, if the somatic markers associated with exercise produce a 
negative affective response (a Type 1 process), but exercise is known to have health 
benefits (a Type 2 process), then the negative Type 1 process will be incongruent with the 
Type 2 process that favors exercise behavior. Type 2 processes, including deliberation 
and cognitive appraisal about the health benefits associated with exercise are also 
theorized to influence exercise behavior. The position adopted here is that current 
cognitivist models, which account for Type 2 processes, should be enhanced by 
considering Type 1 processes as well.  
 Theories must be testable. Current evidence of the effectiveness of theory-based 
promotion efforts are an example of testing theory. To test the theoretical framework 
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proposed here, and potentially advance the field of kinesiology and exercise promotion, it 
is necessary to measure automatic, Type 1, affective associations with exercise.  
Problem, Purpose, Assumptions and Hypotheses 
 Valid and reliable measures of affective associations are necessary in order to 
measure change in those associations and their relation to exercise behavior. Although 
several studies have used implicit measures to assess affective associations with exercise, 
no study has systematically compared the reliability or validity of these measures in the 
domain of exercise. Rationale for choosing one specific measure over another is often 
missing, leaving readers to question why the decision to choose a specific measure was 
made.  
In short, the “best overall” measure of implicit exercise associations must be 
identified before systematic investigation of this research area can continue with maximal 
effectiveness. “Best overall” carries some caveats; not every available implicit measure 
was used in this dissertation. Each measure of implicit exercise associations used in this 
dissertation satisfies three inclusionary criteria. First, each measure is relatively 
inexpensive and accessible to a wide-range of researchers and practitioners. No 
specialized equipment is required. Second, due to the theoretical interest and focus on the 
affect heuristic as a Type 1 process that contributes to exercise decision making and 
behavior, each measure is theorized to assess implicit affective associations with exercise. 
Put differently, automatic affective associations with exercise are theorized to impact the 
outcome of each measurement. Third, each measure is designed to assess implicit 
exercise associations with exercise in the absolute sense, not the relative sense. In other 
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words, the measures chosen for this dissertation do not require exercise to be compared 
with any other activity in order to assess implicit exercise associations. For example, 
finding that implicit exercise associations with exercise are more negative than implicit 
associations with sedentary behaviors does not mean that implicit exercise associations 
are negative. It simply means that implicit exercise associations are less favorable than 
implicit associations with sedentary behaviors. The measures used in this dissertation 
were designed to assess implicit exercise associations, not implicit exercise associations 
relative to other implicit associations. This major point is revisited in Chapter 2. 
The primary purpose of this dissertation was to compare several measures of 
implicit associations for the first time in the exercise domain. In addition to theoretical 
justification for implicitness, the criteria for identifying the best overall measure of 
implicit exercise associations was primarily focused on validity, internal consistency, and 
ease of use and administration. Based on the theoretical framework proposed here, it was 
assumed (Assumption 1) that valid measures of implicit exercise associations would be 
significantly and meaningfully correlated with affective responses to exercise. Thus, 
affective responses to exercise, henceforth experienced pleasure, served as the primary 
criterion variable. An alternative assumption (1A) is that the affective memory, or the 
recalled affect of exercise, could represent a stronger criterion variable than experienced 
pleasure. In the context of the theoretical framework proposed here, the recalled affect of 
an exercise experience may represent the somatic marker and affect heuristic response 
more accurately than the pleasure experienced during exercise. Therefore, recalled affect 
of exercise served as a secondary criterion variable. It was fully expected that the recalled 
affect of exercise and pleasure experienced during exercise would be positively 
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correlated. It should be noted that Assumptions 1 and 1A were not in opposition to each 
other, but complementary. Thus, significant correlation with both (a) experienced 
pleasure and (b) recalled affect of exercise would provide a stronger argument for 
validity than significant correlation with only one of the validity criteria. Other validity 
criteria included explicit affective attitudes and exercise behavior. 
The secondary purpose of this dissertation was to explore the moderating effects 
of Type 2 processing tendencies and capacities. It was hypothesized (Hypothesis 1) that 
the relation between implicit exercise associations and exercise behavior would be 
moderated by Type 2 processing tendencies, capacities, and explicit attitudes. Similarly, 
it was hypothesized (Hypothesis 2) that the relation between implicit exercise 
associations and explicit attitudes would be moderated by Type 2 processing capacities 
and tendencies. These secondary hypotheses were investigated in an exploratory fashion. 
In Chapter 2, a comprehensive literature review is presented that primarily 
focuses on (a) the theoretical concept of automaticity, (b) the task structure and previous 
use of several implicit measures, and (c) issues surrounding the selection of validity 
criteria. 
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CHAPTER 2 
LITERATURE REVIEW 
Chapter Overview 
 The primary purpose of Chapter 2 is to introduce the measures that were 
compared in this dissertation; this was the first comparative investigation of its kind in 
the exercise domain. An auxiliary purpose is to discuss issues surrounding the selection 
of validity criteria. The selection of validity criteria must be based on theory, and the 
selection can fundamentally alter the interpretation of results. 
 First, the preference for the term implicit associations over implicit attitudes is 
justified. Second, fundamental features of automaticity are defined. A measure is implicit 
if it contains features of automaticity. Recall that the impetus for this dissertation was the 
necessity to measure Type 1, implicit exercise associations, which are theorized to be 
automatic. Thus, measures lacking any features of automaticity are irrelevant to the 
central purpose of this dissertation. Third, implicit measures that can allow the 
measurement implicit exercise associations in the absolute sense, not the relative sense, 
are reviewed. These measures do not require the comparison of implicit exercise 
associations with an opposite, comparison concept. All but two of these measures have 
been used previously in the exercise domain. When applicable, previous findings in the 
exercise domain are considered. Finally, two theory-based validity criteria are examined, 
namely (1) experienced pleasure during exercise and (2) recalled affect of exercise. The 
traditional validity criteria of affective attitudes and exercise behavior are also discussed. 
Experienced pleasure during exercise functioned as the primary criterion variable in this 
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dissertation, and recalled affect of exercise served as the secondary criterion variable. 
Despite the terms primary and secondary, used here for clarity, both validity criteria were 
considered equally important. This chapter concludes with theoretical justification for the 
choice of these validity criteria and a discussion about the manipulation of the pleasure 
experienced during exercise.  
On Attitudes versus Associations 
According to multicomponent models of attitudes, attitudes are “overall 
evaluations of stimuli that are derived from the favorability of an individual’s affects, 
cognitions, and past behaviors” (Huskinson & Haddock, 2006, p. 453). Based on the 
cognitive and evaluative components of attitudes, the term implicit attitude is not used 
here. Implicit implies features of automaticity (defined next) and does not require a 
cognitive or evaluative component. Implicit associations rely on Type 1 processes, like 
somatic markers and the affect heuristic, and are theorized to be cognitively unmediated.   
For example, in a series of experiments, Rydell and McConnell (2006) 
demonstrated that changes in implicit associations and explicit attitudes depend on 
different processes and strategies, such that implicit associations are slower to change. In 
essence, the evidence suggests that it is necessary to target Type 1 processes in order to 
modify implicit associations, while targeting Type 2 processes is necessary for explicit 
attitude change. Zajonc and Markus shared a similar perspective over three decades ago:  
To change an attitude that has evolved primarily from affective sources and so has 
considerable extracognitive supports, may require methods different from those 
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needed to change an attitude based on cognition: it may require an attack on the 
affective basis of the preference (Zajonc & Markus, 1982, p. 127).  
If implicit associations were dependent on Type 2 processes, including cognitive 
appraisal, then attitudes would be a preferred term. However, while other authors refer to 
implicit attitudes, any automatically elicited affective reaction to an exercise stimulus 
(e.g., an image of exercisers, an exercise-related word, such as “running”) is referred to 
here as an implicit association. Original writings by other authors and theorists often use 
the term attitude, but association is used throughout this dissertation.  
On Automaticity 
Processes used in the measurement of implicit associations are not purely 
automatic (Bargh, 1994). Several researchers advocate a feature-based approach to 
automaticity, where the particular automatic qualities of a measure are highlighted and 
supported by evidence, instead of claiming that a measure relies on purely automatic 
processes (Gawronski & De Houwer, 2014; Moors & De Houwer, 2006; Moors, Spruyt, 
& Houwer, 2010). Bargh (1994), for instance, highlighted unintentionality, unawareness, 
uncontrollability, and high efficiency as features of automaticity. See Table 2.1 for 
definitions of several features of automaticity, adapted from Moors and De Houwer 
(2006).  
Following the recommendations of advocates for feature-based approaches to 
automaticity (Bargh, 1994; Gawronski & De Houwer, 2014; Moors & De Houwer, 2006; 
Moors et al., 2010), the theoretical justifications for the assumption of automaticity in the 
context of this investigation are presented for each measure in Chapter 3.  
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Table 2.1. Features of Automaticity based on Moors and De Houwer (2006) 
Feature Definition 
Unintentional An Unintentional act is not caused by an intention 
 
Uncontrolled/Uncontrollable Subclass of Unintentional, an act is Uncontrolled does not require a 
goal for its occurrence, or occurred despite a goal of stopping its 
occurrence 
 
Efficient An Efficient act requires few cognitive resources and little attentional 
capacity 
 
Fast A Fast act has a short duration, requires common sense arguments and 
reliance on convention because no objective threshold for fast exists 
 
 
Measurement of Implicit Associations 
 A measure is implicit if it has features of automaticity. For example, Gawronski 
and De Houwer (2014) defined an implicit measurement as unintentional, resource-
independent [referred to here as efficient], unconscious, and/or uncontrollable. 
Importantly, because the features of automaticity do not always occur together, it is 
necessary to always specify the features of automaticity that an implicit measure contains 
(De Houwer, Teige-Mocigemba, Spruyt, & Moors, 2009). 
 Each measure or “task” is grouped in one of three classes of measurement 
procedures: response interference tasks, sequential priming paradigms, and measures of 
attentional bias. Though several tasks combine features characteristic of more than one 
class, this taxonomy is intended to facilitate organization. Response interference tasks 
described here include the Implicit Association Test (IAT) and its derivatives, the 
Approach-Avoidance Task (AAT), the Go/no-go Association Task (GNAT), and the 
Extrinsic Affective Simon Task (EAST). Sequential priming paradigms include the 
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Evaluative Decision Task (EDT) and Affect Misattribution Procedure (AMP). Measures 
of attentional bias include the Visual Probe Procedure (VPP) and Affective Stroop Task 
(AST). It should be noted that various terms for each of these tasks have been used 
throughout the literature, but these are the terms adopted here.  
Response interference tasks 
 Response interference tasks contain irrelevant features that either facilitate or 
inhibit response tendencies (Gawronski, Deutsch, & Banse, 2011). For example, in a 
variant of the Approach-Avoidance Task (AAT; described later), participants are 
instructed to push or pull a joystick in response to an image depending on the orientation 
of the image (i.e., landscape versus portrait). The content of the image is irrelevant to the 
task, but may facilitate pulling which causes the image to appear closer with a zooming 
feature (an approach movement) or pushing, which causes the image to appear further 
away (an avoidance movement). In other words, pleasant content of the image may 
facilitate approach and inhibit avoidance movements. In contrast, unpleasant content of 
the image may facilitate avoidance and inhibit approach response tendencies. These 
facilitation and inhibition effects occur despite the fact that the content of the images is 
irrelevant to the task. Together, response interference tasks have been used in the 
majority of implicit investigations throughout the literature (Gawronski et al., 2011). 
Implicit Association Test 
Perhaps the most popular of the implicit measures, the Implicit Association Test 
(IAT; Greenwald, McGhee, & Schwartz, 1998) has been used in various domains and 
contexts, including the measurement of implicit antifat bias (Teachman & Brownell, 
25 
 
2001), racial discrimination and prejudice (Vanman, Saltz, Nathan, & Warren, 2004), 
attitudes toward people with AIDS (Neumann, Hülsenbeck, & Seibt, 2004),  voting 
behavior (Friese, Smith, Plischke, Bluemke, & Nosek, 2012), violence and aggression 
(Bluemke, Friedrich, & Zumbach, 2010), sexual attraction to children (Babchishin, 
Nunes, & Hermann, 2013), snacking behavior (Ayres, Conner, Prestwich, & Smith, 
2012), and more. 
In a typical IAT, target concepts (e.g., Black People or White People) are paired 
with attributes (e.g., pleasant or unpleasant). Various combinations of target concepts and 
attributes will appear on different sides of a computer screen across a series of trials, and 
each side of the screen will correspond to a different response key. If respondents are 
better at discriminating one target concept when it is paired with a positive attribute, 
relative to the other, then the participants are thought to have favorable implicit 
associations with that target concept. For example, if a person responds faster when 
Black People is paired with pleasant than when White People is paired with pleasant, it is 
thought that an implicit favorability toward Black People exists.  
The IAT has several desirable qualities. Internal consistency of the IAT is 
typically higher than other response-latency based measures and evidence of stronger 
validity than other tasks has been found, such that it has predicted self-reported behavior 
and explicit attitudes better than other measures and often predicts behavior 
independently of explicit measures of attitude (De Houwer & De Bruycker, 2007b; for 
review see Schnabel, Asendorpf, & Greenwald, 2008). Though these results suggest that 
the IAT may be a comparatively more valid and reliable measure than some other tasks, 
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there is little compelling evidence to suggest that these findings should be assumed to 
generalize to the exercise domain with different criterion measures for assessing validity. 
Empirical investigations should still compare the IAT or its variants with other measures 
in the exercise domain. 
A limitation of the IAT that has spurred the development of alternative measures 
is the inability to measure absolute associations (Schnabel et al., 2008). For example, the 
original IAT requires two target concepts that are compared with each other (e.g., Black 
People vs. White People, Flowers vs. Insects). In many domains, this is not a limitation. 
In US politics, the “natural opposite” of Democrat is Republican. Comparing the target 
concept of Barack Obama with Mitt Romney, or Hillary Clinton with Donald Trump is 
very useful. Likewise, Old is the natural opposite of Young. In other domains, however, a 
“natural opposite” is not readily apparent. The exercise domain is such an example. What 
is the opposite of exercise? Is it sleeping, eating, or sitting on the couch? The 
nonexistence of an obvious natural, polar opposite makes interpretation of results of the 
IAT in the exercise domain challenging. It restricts interpretation of implicit exercise 
associations to relative terms, rather than absolute terms.  
 Despite this limitation, the IAT has been used in the exercise domain previously 
(Banting, Dimmock, & Lay, 2009; Markland, Hall, Duncan, & Simatovic, 2015). For 
example, Markland and colleagues (2015) used guided imagery (e.g., feeling satisfied 
with an exercise session at a fitness center) to change implicit exercise associations. 
Target categories in this innovative investigation were “exercise” and “not exercise”, 
with images of people exercising representing the “exercise” category, and images of 
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people doing sedentary activities (e.g., reading books, watching television, and resting). 
Though the guided imagery intervention did impact implicit exercise associations and the 
results highlight potential for future interventions, the design of the IAT greatly impacts 
interpretation of results.  
The authors concluded that implicit associations with exercise can be improved, 
but it would arguably be more accurate to conclude that the study demonstrated implicit 
associations relative to associations with a set of nonexercise activities with exercise can 
be improved. While the stimuli used to represent a target concept (e.g., the set of images 
used to represent exercise) will always be finite, the use other implicit measures that do 
not require a comparison concept can broaden interpretation of results by not forcing 
changes in implicit associations with exercise to be relative to any comparison concept 
(e.g., nonexercise activities) or set of stimuli representing a comparison category. One 
such measure is the Single-Category Implicit Association Test (SC-IAT).  
Single-Category Implicit Association Test 
Karpinski and Steinman (2006) developed the SC-IAT as an implicit measure that 
does not need a comparison category. When the SC-IAT is applied to the domain of 
exercise, the target concept “exercise” does not need to be compared to any other 
category (e.g., sedentary behavior, eating, sleeping). This removes confounds due to the 
context of the task. The SC-IAT and all other measures discussed in this dissertation 
feature this important strength, and allow the implicit associations with exercise to be 
interpreted in absolute terms.  
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The original SC-IAT consisted of 24 practice and 72 critical test trials, divided 
into three blocks of 24 trials each. Target words appeared on screen for 1,500 ms. If 
participants did not respond by categorizing the target word into an attribute category 
within 1,500 ms, they were prompted to respond more quickly. Karpinski and Steinman 
(2006) called this technique response “window dressing”, because “pilot testing revealed 
that the response window truncates less than 1% of all critical responses” but creates a 
“sense of urgency and may decrease the likelihood that participants engage in controlled 
processing during the task” (p. 18). In other words, prompting participants to respond 
faster strengthens the argument for automaticity. 
The SC-IAT is the most widely used measure of implicit association in the 
exercise domain. Implicit exercise associations, assessed with the SC-IAT, have been 
found to improve the predictability of objectively measured physical activity (PA) above 
and beyond outcome expectancies, intentions, perceived behavioral control, sex, and 
efficacy beliefs. However, although statistically significant, the improvement only 
explained an additional 2% of the variance in physical activity behavior (Conroy, Hyde, 
Doerksen, & Ribeiro, 2010). In the Conroy et al. (2010) study, physical activity was 
assessed with a pedometer, which may assess unintentional, spontaneous PA more 
strongly than exercise. The authors described modifying the SC-IAT for “physical 
activity”, but the stimuli mostly represented “exercise”, not physical activity. Stimuli 
used in this study were reported in another paper (D. Conroy, personal communication, 
September 14
th, 2014), and included “run, kickbox, walk, sprint, jog, hike, lift weights, 
bench press, aerobics, squats, dumbbell curls, and sit-ups” (Hyde, Doerksen, Ribeiro, & 
Conroy, 2010, p. 390). While at least one, and possibly two, of these words represent 
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physical activity (walk and hike), the rest unambiguously represent exercise. It is possible 
that the SC-IAT would have predicted pedometer-assessed PA more strongly if 
unintentional PA was better represented in the task stimuli. Change in implicit exercise 
associations has also predicted change in self-reported physical activity (Antoniewicz & 
Brand, 2016b; Hyde et al., 2012). Previous measurements have had questionable to good 
internal consistencies as indicated by Cronbach’s α, ranging from 0.63 to 0.84 (Hyde et 
al., 2012; Rebar, Ram, & Conroy, 2015). 
Two algorithms for scoring that improve upon the original method have been put 
forth. Greenwald, Nosek, and Banaji (2003) introduced an algorithm that improved upon 
the original IAT-scoring algorithm by minimizing contamination from method-specific 
variance (Mierke & Klauer, 2003). Among other recommendations, the authors suggested 
the elimination of response latencies that were more than 10,000 ms and the elimination 
of participants with more than 10% of responses under 300 ms, with no other adjustments 
for extreme response-latency values. The outcome of this algorithm is the “D-score”. 
Similarly, the EZ-diffusion model (Rebar et al., 2015) is designed to reduce construct-
irrelevant variability. The outcome of the EZ-diffusion algorithm is processing efficiency. 
This dissertation used both scoring algorithms to determine which yields more valid and 
reliable measurements.      
Personalized Single-Category Implicit Association Test 
A personalized version of the IAT was introduced by Olson and Fazio (2004). 
This included several modifications. First, “I like” and “I don’t like” replaced “pleasant” 
and “unpleasant”, respectively, in an effort to reduce extrapersonal, normative influence. 
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For example, repeated exposure to media associating exercise with pain and 
unpleasantness may create negative implicit exercise associations, despite pleasant 
personal experiences with exercise. These new labels were meant to reduce extrapersonal 
contamination.  Second, rather than normatively positive and negative target words, 
idiosyncratic words that some may like and others may dislike were chosen. Finally, 
because of the idiosyncrasies, no objectively correct or incorrect responses are possible, 
so no error feedback was provided.  
In two studies, implicit associations measured with the personalized version of the 
IAT more strongly correlated with explicit attitudes than the traditional IAT (Olson and 
Fazio, 2004). However, critics of the personalized version suggest that it may rely more 
on explicit evaluation rather than implicit association (Nosek & Hansen, 2008). Hyde and 
others (2010) suggested the possibility of using a personalized version of the SC-IAT in 
the exercise domain. In response, for the first time, this dissertation directly compared the 
validity of the personalized and nonpersonalized (standard) versions of the SC-IAT in the 
exercise domain.   
Approach-Avoidance Task 
The Approach-Avoidance Task (AAT; Chen & Bargh, 1999) has been used in 
various contexts. Investigators have studied automatic approach or avoidance tendencies 
toward homosexual people (Clow & Olson, 2010), spiders (Rinck & Becker, 2007), and 
alcohol (Wiers, Rinck, Dictus, & van den Wildenberg, 2009). Conditioning with the AAT 
has also successfully altered implicit associations with faces (Woud, Becker, & Rinck, 
2008) and alcohol (Wiers, Rinck, Kordts, Houben, & Strack, 2010).  
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 A typical AAT instructs participants to make a certain movement in response to 
different types of stimuli. For example, participants may be instructed to push a joystick 
in response to landscape-format images and pull in response to portrait-format images (or 
vice versa, ideally counterbalanced within a sample). Pulling is coupled with a zooming-
in feature, creating the illusion that the stimuli moves closer to the respondent, indicating 
approach. Conversely, pushing is coupled with a zooming-out feature, creating the 
illusion that the stimuli is moves away from the respondent, indicating avoidance (Wiers 
et al., 2009). Differences in mean or median reaction times between the approach and 
avoidance trials are used to calculate automatic approach or avoidance tendencies.  
 Though the AAT has demonstrated validity with subliminal presentation 
(Alexopoulos & Ric, 2007), subliminal presentation is not a necessary condition of 
automaticity. In the AAT, participants are not instructed to approach or avoid the stimuli 
based on the valence of the stimuli. For example, participants may approach in response 
to landscape-format images and avoid in response to portrait-format images. Any 
differences in approach and avoidance tendencies are unintentional “because participants 
“do not intend” to react faster or slower “based on stimulus valence (and are not aware 
that they are doing so)” (Chen & Bargh, 1999, p. 218).  
 The structure of the AAT has varied significantly in the literature. While some 
investigators have used 20 practice trials and 80 critical test trials (Wiers et al., 2010), 
others have used as many as 368 critical test trials (Rinck & Becker, 2007). Similarly, 
estimates of reliability have been highly variable (Gawronski et al., 2011). Because the 
number of trials has a direct effect on indices of internal consistency, it is important to 
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keep the number of trials reasonably consistent across tasks when interested in making 
direct comparisons. To date, no investigators have used the AAT in the exercise domain. 
This dissertation was the first to use the AAT as a measure of implicit exercise 
associations and the first to directly compare its validity and reliability with other 
measures of implicit exercise associations.  
Go/no-go Association Task 
The Go/no-go Association Task (GNAT; Nosek & Banaji, 2001) was designed to 
be an improvement over the original IAT and, like the SC-IAT developed later, does not 
require a comparison concept (i.e., exercise versus another concept). Unlike the SC-IAT, 
the GNAT does not use two response keys. For example, in one block of trials, 
participants may be asked to press a key (i.e., a “go” response) when a positive attribute 
category and an “exercise” target category appear on screen. In this case, respondents 
would be correct to press the key if exercise-related words appear or if words with 
positive meanings appear (e.g., happy, enjoyable). Participants would be incorrect to 
press the response key when nonexercise words or negative words appear. In another 
block of trials, the task instructions are reversed and the “go” key is associated with 
“exercise” and negative. If a person responds more accurately or more rapidly when 
exercise is paired with the positive attribute than with the negative attribute, then he or 
she is thought to have more positive implicit exercise associations. 
Both error rates and response latencies can be used as outcome variables and 
appear to yield similar effect sizes, but response latencies may be more reliable (Nosek & 
Banaji, 2001). Since variability in error rates is desired, the task cannot be “too easy”. To 
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address this, response deadlines are often used, and have varied from 500 to 1,000 ms 
(Gawronski et al., 2011; Nosek & Banaji, 2001). Reliability of previous GNAT 
measurements has varied, with an average split-half reliability of 0.61 (Gawronski et al., 
2011). To ensure good reliability, at least 80 critical test trials per block are 
recommended (Williams & Kaufmann, 2012). Despite its popularity, the GNAT has 
never been used in the exercise domain. Like the AAT, the reliability and validity of the 
GNAT was directly compared with other measures of implicit exercise associations for 
the first time in this dissertation. 
Extrinsic Affective Simon Task  
The Extrinsic Affective Simon Task (EAST; De Houwer, 2003) was developed as 
a modified version of the IAT in which (1) the target concepts did not differ in valence 
and (2) the valence of the target concept was manipulated. For example, De Houwer 
(2003; see Experiment 1) asked participants to classify words by pressing a “good 
response key” or “bad response key”, depending on the meaning or color of the target 
word. They were told that if the word was white, then the meaning was important. If the 
word was colored, they were then instructed to press the “good key” or “bad key” 
depending on the color. 
If performance is better when the response associated with positive attribute 
stimuli is required, one can infer that participants have a positive attitude toward 
the stimulus. If the reverse result is observed, one can infer that the stimulus is 
negative (De Houwer, 2003, p. 78).  
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For example, words that represent exercise can be presented in different colors, 
and normatively positive and negative words (e.g., happy, enjoyable, hateful, enemy) are 
also presented in different colors. Participants may be tasked with pressing one response 
key when they see a white negative word (valence) or a word printed in blue (color), and 
another response key when they see a white positive word (valence) or word printed in 
green (color). If faster or more accurate responses are apparent when the target words 
(i.e., exercise) are paired with positive words than with negative words, then participants 
are thought to have more positive implicit associations towards exercise. Both response 
latencies and error rates can be used as outcome variables (De Houwer, 2003). Internal 
consistency (Cronbach’s α) is has typically been between 0.40 and 0.50 (Gawronski et 
al., 2011), indicating substantial susceptibility to measurement error.  
 The EAST has been used at least twice in the exercise domain. Using two practice 
blocks of 20 trials each, followed by two experimental blocks with 100 critical test trials 
each, Calitri, Lowe, Eves, and Bennett (2009) found that implicit exercise associations, as 
indicated by scores on the EAST, explained 9% of the variance in self-reported physical 
activity behavior. Internal consistency was low (Cronbach’s α: 0.42; split-half reliability: 
r = 0.40). In another investigation, implicit associations with different activities 
(including sedentary and exercise activities) did not differ between severely obese and 
normal-weight adolescents (Craeynest et al., 2005). However, physical activity behavior 
was not assessed, meaning that weight was a proxy indicator of exercise behavior. In 
addition, reliability estimates were not provided.  
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 De Houwer has made efforts to improve the original, standard EAST (ID-EAST; 
De Houwer & De Bruycker, 2007a). The identification-EAST was developed in part due 
to the mixed evidence of validity of the standard EAST as a measure of interindividual 
differences in associations. However, the standard EAST was not compared to the ID-
EAST, leaving the comparative validity in question. Investigating the ID-EAST in the 
exercise domain may be a valuable avenue for future research, but because (1) the 
comparative validity of the ID-EAST is unknown and (2) at least one other researcher has 
used the standard EAST in the exercise domain, the standard EAST was used in this 
dissertation. This allows the validity of the EAST, as assessed by the criterion measures 
selected in the present study, to be compared to the validity of the EAST as assessed with 
criterion measures selected in previous studies (i.e., the 7-day Physical Activity Recall; 
Calitri et al., 2009).  
Sequential priming paradigms 
 Sequential priming paradigms involve a series of trials in which a prime stimulus 
is followed by a target stimulus. On some trials, the prime and target are congruent. On 
other trials, the prime and target are incongruent (Spruyt, Gast, & Moors, 2011). When a 
prime and target are related to each other, or congruent, responses are typically 
facilitated. In contrast, responses are often inhibited when the prime and target are 
unrelated, or incongruent. The Evaluative Decision Task (EDT; described below) is an 
illustrative example.   
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Evaluative Decision Task 
The Evaluative Decision Task (EDT; Fazio, Jackson, Dunton, & Williams, 1995; 
Fazio, Sanbonmatsu, Powell, & Kardes, 1986) is the most widely utilized sequential 
priming paradigm. In a standard EDT, primes (e.g., exercise words or images) are 
presented briefly, followed by a blank screen and then normatively positive (e.g., happy, 
enjoyable) or negative target words (e.g., hate, death). Participants are tasked with 
classifying the target word as positive or negative as quickly as possible. It is thought that 
congruency facilitates reaction time. In other words, if exercise is implicitly positive, then 
response latencies to classify positive words as positive should be less when exercise 
primes are followed by positive words, compared to the response latency when negative 
target words follow exercise primes or compared to positive target words following a no-
prime condition (i.e., a control condition). On the other hand, if exercise is implicitly 
negative, then the reaction time to classify negative words following exercise primes 
should be facilitated. Both response latencies and error rates can be used as outcome 
variables. 
 For instance, Fazio and colleagues (1986) conducted three experiments with 
either 100 or 150 critical test trials. Primes were presented for 200 ms, followed by a 
blank screen for 100 ms. This 300 ms time period is the stimulus onset asynchronicity 
(SOA). Target words followed the SOA. Facilitation, or affective priming effects are 
robust; they persist in pronunciation tasks which do not require participants to evaluate 
the target word, but instead pronounce it (Bargh, Chaiken, Raymond, & Hymes, 1996) 
and even when musical chords are used as primes (Sollberger, Reber, & Eckstein, 2003). 
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Further, because the task requires participants to assess exemplars and not category 
labels, it should be less susceptible to contamination by extrapersonal association than the 
IAT (Olson & Fazio, 2004). 
 Although some have argued that a short SOA (e.g., 300 ms) is too fast to allow 
for deliberative processing and response strategies (Bargh, Chaiken, Govender, & Pratto, 
1992), others argue that this is insufficient evidence that the priming effect was fast, in 
terms of a feature of automaticity. Instead, short SOAs must be combined with a short 
response deadline (Moors, De Houwer, Hermans, & Eelen, 2005; Moors et al., 2010). 
This applies to all sequential priming paradigms.  For example, whereas 800 ms response 
deadlines appear to be too long and allow for strategic, controlled response strategies 
(Karl Christoph Klauer & Teige-Mocigemba, 2007), 600 ms response deadlines ensures 
uncontrollability of responses (Degner, 2009).  
Additional arguments for automaticity exist in terms of unintentionality, 
uncontrollability, and efficiency. Since affective priming effects persist despite no 
requirement for participants to evaluate primes as part of the task instructions, priming 
effects are unintentional and uncontrolled (Fazio, 2001). In other words, participants are 
tasked with evaluating the targets, not the primes. Likewise, Hermans, Crombez, and 
Eelen (2000) tested the efficiency of the EDT by placing participants under concurrent 
memory load and reducing their cognitive resources while completing the EDT. Priming 
effects were not influenced by memory load, indicating that the priming effects occur 
efficiently. This finding emerged despite self-reported difficulty with the memory-load 
task.  
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 The duration of the SOA has been the subject of systematic investigation 
(Hermans, De Houwer, & Eelen, 2001). For example, a recent meta-analysis indicates 
that a 250 ms SOA produces stronger priming effects than a 300 ms SOA (Herring et al., 
2013). The overall effect size for the EDT was d = 0.45, which was larger than the 
pronunciation task, semantic categorization task, and lexical decision task, which are 
variants of the EDT. For these reasons, the EDT (and the other sequential priming 
paradigm, described later) used in this dissertation had a SOA of 250 ms, although future 
investigations using the pronunciation task, semantic categorization task, and lexical 
decision task should be considered.  
 After the SC-IAT, the EDT is the most widely studied measure of implicit 
associations in the exercise domain. For example, in an investigation with Royal Air 
Force trainees, the EDT predicted frequency of physical activity behavior but not 
running- or walking-specific behavior when experiential target words, including cheerful, 
happy, joyous, glad, depressing, miserable, gloomy, and hopeless (Eves, Scott, Hoppé, & 
French, 2007). This study had several strengths including the use of objective measures 
of physical activity and control primes (i.e., nonsense words, like xxxyyyy). Unlike this 
study, this dissertation used (1) a 250 ms SOA, rather than a 300 ms SOA, (2) pictorial 
primes, rather than word primes, and (3) response latencies and error rates as indices of 
priming effects, rather than just response latencies.  
 Similarly, Bluemke, Brand, Schweizer, and Kahlert (2010) used word primes 
(e.g., jog, swim, and exercise in German) and a 300 ms SOA, but used fewer trials (i.e., 
120 vs. 256) than Eves and colleagues (2007). The EDT differentiated between regular 
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exercisers and nonexercisers, such that regular exercisers had facilitated responses to 
positive targets after being primed with exercise words, while nonexercisers had 
facilitated responses to negative targets after being primed with exercise words.  
Bluemke and colleagues (2010) highlighted the importance of the target words 
used. In the Eves et al. (2007) study, the generic target words (e.g., appealing, repulsive) 
were weaker than the experiential target words (e.g., joyous, miserable). As a 
consequence of exercise, people may feel miserable or joyous. Similarly, in the Bluemke 
et al. (2010) study, exercise-related target words (e.g., athletic, exhausted) were used. The 
authors argued that this was advantageous because, as a consequence of exercise, people 
feel athletic or exhausted, but not necessarily appealing or repulsive. This is an 
interesting conclusion and worthy of further systematic investigation. Bluemke and 
colleagues (2010) concluded that “to assess automatic associations on behavior, 
experiential items are needed to render the [Evaluative Decision Task] a valid measure 
and predictor of interindividual differences” (p. 149, emphasis retained).  Their 
conclusion has critical implications for the choice of target attributes in the exercise 
domain. Based on these findings, an effort to select experiential target items was made in 
this dissertation (e.g., [exercise is] “enjoyable”, [exercise is] “unpleasant”).  
While experiential target items may not provide as “pure” of an implicit measure 
as generic, nonexercise target words (Eves et al., 2007), the attributes of efficiency, 
speed, unintentionality and uncontrollability still support the automaticity and strength of 
the EDT as a measure of implicit associations. Curiously, a third investigation of the EDT 
in the exercise domain using experiential target items yielded neither a significant nor 
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meaningful relation between implicit associations and self-reported exercise behavior 
(Brand & Schweizer, 2015). This result conflicts with the earlier research that indicated 
affective priming effects with the EDT were related to frequency, duration, and overall 
amount of self-reported exercise (Bluemke, et al., 2010). It is possible that the different 
results are due to the difference in criterion measures (i.e., different measures of self-
reported physical activity). Reliability of the EDT in the exercise domain has not been 
reported. 
Affect Misattribution Procedure 
The Affect Misattribution Procedure (AMP; Payne, Cheng, Govorun, & Stewart, 
2005) built upon earlier work demonstrating that the valence attributed to novel, 
meaningless, Chinese ideographs can be systematically manipulated based on the valence 
of primes that precede them (Murphy & Zajonc, 1993). In a typical AMP, primes (e.g., 
exercise images) are presented briefly, followed by an ambiguous Chinese ideograph (or 
other meaningless images or symbols) as targets. Importantly, it is important to evaluate 
Chinese-speaking ability when using Chinese ideographs as targets (Payne, Govorun, & 
Nathan, 2008). If participants can speak Chinese, then the use of Chinese ideographs is 
inappropriate because their meanings are no longer ambiguous. Priming effects emerge 
when participants misattribute their feelings toward the target, rather than the primes 
(Payne, Hall, Cameron, & Bishara, 2010).  
Participants are instructed to evaluate the targets, but not let the prime influence 
the evaluation (Payne et al., 2005). By presenting consciously accessible primes and 
instructing participants to inhibit influence of the primes on target evaluations, any 
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priming effect arguably satisfies the definition of unintentional. Alternatively, subliminal 
presentation of primes (Antoniewicz & Brand, 2014) makes the case for automaticity in 
the sense that participants are unaware of the influence of primes.  
In the series of studies that introduced the AMP, the AMP resulted in large effect 
sizes (d > 1.0) and reliable measurements (Cronbach’s α: .73 - .90). Stimulus onset 
asynchronicity (SOA) and target duration varied systematically. Average effect size was 
large (d = 1.25) and average internal consistency was high (Cronbach’s α = .88). Overall, 
SOAs less than 500 ms coupled with target presentations of 100 ms and at least 72 
critical test trials resulted in more sensitive and reliable measurements (Payne et al., 
2005). Taken together, the AMP has features of automaticity related to unintentionality, 
uncontrollability, and efficiency, and speed when combined with a short response 
deadline.  
In the domain of alcohol, the AMP has been shown to be a more valid measure of 
implicit alcohol associations than the IAT and EDT (Payne et al., 2008), but has never 
been compared with another implicit measure in the exercise domain. The lone 
investigation using the AMP in the exercise context provided some evidence of validity, 
such that people who regularly exercised in fitness centers had more pleasant implicit 
associations with fitness center primes (images) than people who did not exercise in 
fitness centers (Antoniewicz & Brand, 2014). To date, this is the only known example of 
measurement of implicit exercise associations that involved the use of subliminal 
presentation or primes.  
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No study has compared the AMP with other measures of implicit exercise 
associations. Despite evidence of validity using subliminal presentation provided by 
Antoniewicz and Brand (2014), comparative investigations would need to present tasks 
that use consciously accessible stimuli to avoid creating confounding variables. While 
some tasks can utilize subliminal presentation (e.g., AAT, EDT), other tasks (e.g., SC-
IAT, GNAT) require consciously accessible stimuli due to the task structure. Thus, while 
systematic comparison of subliminal versus consciously accessible stimuli presentations 
is an avenue for future research, it was not a priority of this dissertation.  
Measures of attentional bias 
 Measures of attentional bias assess the attention allocated toward different 
stimuli. Implicit associations are inferred from the attention allocated toward different 
stimuli (e.g., exercise images vs. neutral stimuli). This is in contrast to response 
interference tasks and sequential priming paradigms, which infer implicit associations 
through response facilitation, inhibition or error rates. For example, smokers may allocate 
more attention toward images of cigarettes than neutral stimuli. From this, positive 
implicit associations with cigarettes can be inferred and confirmed. Alternatively, people 
with arachnophobia may demonstrate an attentional bias toward images of spiders; from 
this, negative implicit associations with spiders are inferred and confirmed. Therefore, 
attentional bias can be indicative of either positive or negative implicit associations.  
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Visual Probe Procedure 
The Visual Probe Procedure (VPP; sometimes called the Dot-Probe Procedure) 
works by presenting two images or words to participants in different areas of a screen and 
then simultaneously removing the images or words, but replacing one with a marker or 
“probe”. Participants are tasked with locating the probe by responding to a key that 
corresponds to the side of the screen that contains the probe. For example, imagine an 
image of an exerciser paired with a neutral photograph. Both images are presented but on 
opposite sides of a computer screen, then simultaneously removed. Then, a probe appears 
where the exercise or neutral image was previously located. If participants are faster at 
locating the probes that replaced exercise images (i.e., exercise-congruent probes), 
compared to neutral images (i.e., exercise-incongruent probes), then they are thought to 
have an implicit attentional bias toward exercise. Conversely, if participants are faster at 
responding when probes replace the neutral images, then they are thought to implicitly 
avoid the exercise stimuli.  
 The exact procedures in this paradigm vary greatly in the literature. The number 
of trials, number of stimuli, duration of stimulus presentation, and duration of fixation 
cross presentation at the onset of each trial are not consistent across studies. Despite this 
variation, use of the VPP frequently demonstrates large effect sizes across several 
domains, including violence and aggression (Smith & Waterman, 2003), alcohol (Miller 
& Fillmore, 2010), and smoking (Mogg, Bradley, Field, & De Houwer, 2003).   
 In the only known prior use of the VPP in the exercise domain to, exercise words 
were paired with control words, matched for length, number of syllables, written 
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frequency, familiarity, and valence. The experiment had 152 critical test trials and 
presented the words for 500 ms before being replaced by a probe until participants 
responded (Calitri et al., 2009). This experiment also measured implicit exercise 
associations with the EAST. Both strong negative and strong positive EAST scores were 
weakly but significantly related to attentional bias, measured with the VPP (R
2 
= .05), 
indicating that attentional bias may interact with other affective variables (e.g., implicit 
associations, explicit affective attitudes) in predicting physical activity or other variables. 
For example, it is possible that people with strong positive and strong negative affective 
responses to exercise or explicit affective attitudes will demonstrate an attentional bias 
toward exercise. Conceptually, the attentional bias may represent vigilance toward a 
threatening stimulus or focus on a rewarding stimulus.   
Further, attentional bias was related to self-reported physical activity behavior in 
participants with more positive explicit attitudes (affective: d = .82; instrumental: d = 
0.79), but was unrelated to physical activity behavior in those with more negative explicit 
attitudes (affective: d = -0.01; instrumental: d = -0.09). Cronbach’s α was low (.16), but 
split-half reliability was more acceptable (.73). In short, Calitri et al. (2009) provided the 
first evidence of validity of the VPP in the exercise domain. Criterion variables and 
moderating variables should be carefully chosen and analyzed. Unlike smoking behavior, 
for example (Mogg et al., 2003), where smokers demonstrate attentional bias, attentional 
bias within the exercise domain may be more complex. 
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Affective Stroop Task 
Like the VPP, the Affective Stroop Task (AST) is a measure of implicit 
attentional bias that uses response latency as the outcome variable. The premise of the 
AST has been described as follows: 
A Stroop task requires participants to name the color that words are printed in, 
and in an [Affective Stroop Task] these words are either neutral or relevant to the 
topic being studied (in this case to exercise). Typically, if a word has relevance, 
the color-naming task will be slower; that is, it will show interference and 
evidence of attentional bias because the amount of interference in naming colors 
is a function of the activation of the word’s meaning (Berry, 2006, p. 6) 
 Affective Stroop effects are robust and have been demonstrated with consciously 
accessible (Field, Christiansen, Cole, & Goudie, 2007; Smith & Waterman, 2003) and 
subliminal stimuli (Mogg, Bradley, Williams, & Mathews, 1993). Though response 
formats that require pressing a key have demonstrated utility, verbal response modalities 
typically result in stronger effects (Cox, Fadardi, & Pothos, 2006; MacLeod, 1991). For 
example, in the only known use of the AST in the exercise domain, Berry (2006) 
classified students as exercise schematics or nonexerciser schematics (i.e., individuals 
with or without an exercise schema). In two experiments, Berry (2006) demonstrated that 
exercise schematics have an attentional bias toward exercise-related words, whereas 
nonexerciser schematics have an attentional bias toward sedentary-related words. 
Exercise schemas are related to behavior, so this is a promising result for the use of the 
AST and other measures of attentional bias in the exercise domain.  
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 Importantly, as highlighted with the VPP, attentional bias may have a more 
complex relationship with exercise. For example, in contrast to research indicating that 
attentional bias toward desirable stimuli (e.g., smoking-related stimuli for smokers) is 
apparent, other research indicates that attentional bias toward undesirable stimuli (e.g., 
undesirable traits, like sadistic and hostile) may be present (Pratto & John, 1991). If 
attentional bias is related to variables in the exercise domain, careful analysis must clarify 
the association. It is possible that people who have negative explicit attitudes or 
unpleasant affective reactions to exercise demonstrate the most attentional bias toward 
exercise. In this case, the attentional bias would be toward a threatening stimulus, not a 
rewarding one. Due to these intricacies, rigid a priori theoretical predictions about the 
direction of association between implicit attentional bias and validity criteria did not 
exist. 
Comparison of Implicit Measures 
 To reiterate, the purpose of this dissertation was to compare the measures of 
implicit associations in the exercise domain for the first time, using the tasks described 
above. Each of these tasks has unique strengths and weaknesses, and, depending on the 
measurement methods used, at least one argument for automaticity and true implicitness 
(revisited later). All but two of the aforementioned tasks (GNAT and AAT) have been 
used at least once in the exercise domain. However, no two studies have used exactly the 
same criterion measures while comparing the validity and psychometric properties of 
multiple measures.  
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Bar-Anan and Nosek (2013) noted a similar dearth of comparative research with 
implicit measurement techniques, which prevents direct comparison of psychometric 
quality and validity. Until the relative strengths and weaknesses of measures are 
identified and fully appreciated within a particular domain, justification for choosing one 
measure over another may be nonexistent or based only on more practical criteria, such 
as administration time and ease. To address the lack of comparative research with 
implicit measurement techniques, Bar-Anan and Nosek (2013) systematically compared 
several different implicit measures in the domains of race, politics, and self-esteem. 
Comparison was based on several criteria, including internal consistency, correlation with 
other measures, correlations with criterion variables, and the ability to detect meaningful 
variance between participants.  
Bar-Anan and Nosek (2013) made discoveries that are relevant to this 
dissertation: (1) the IAT performed strongly overall, but the SC-IAT was not assessed, 
(2) the psychometric properties of the GNAT improved when error-prone participants 
were excluded from analysis, (3) the EDT had the worst psychometric qualities of all 
measures analyzed, and (4) the AMP appears to be a stronger measure than the EDT 
because it does not have poor psychometric qualities, but possesses many of the EDTs 
strengths. However, the authors did not test several measures that could conceivably be 
useful in the exercise domain (i.e., AAT, EAST, AST, VPP, SC-IAT, and personalize 
SC-IAT). Further, little compelling evidence suggests that the same results should be 
expected in the exercise domain. From a methodological perspective, it is critical to use 
the same criterion variables and measures when investigating comparative validity (Bar-
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Anan & Nosek, 2013). This dissertation also used the same sample to compare the 
validity of several measures of implicit exercise associations. 
On the selection of validity criteria 
 The selection of validity criteria is perhaps the most important methodological 
decision when investigating the comparative validity of implicit measures. Several 
options for criterion variables exist. Generally, traditional criterion variables include 
explicit attitudes or self-reported or objectively measured behavior. It is likely that the 
predictive validity of implicit measures is moderated by the type of behavior or construct 
serving as the criterion. Implicit associations should predict “subtle, less deliberate 
behavior” (Rydell & McConnell, 2006, p. 996) because, like spontaneous behavior, 
implicit associations are more reliant on Type 1 processes:  
To the extent that automatic processes drive behaviour, implicit measures should 
be successful in predicting behaviour. The more similar the processes influencing 
the measurement outcome of an implicit measure are to the processes influencing 
a behaviour, the higher the predictive validity for this measure… The predictive 
validity of implicit measures should therefore decrease with an increasing relative 
weight of controlled processes on behaviour determination, because controlled 
processes are assumed to be able to inhibit or override automatic processing 
(Friese, Hofmann, & Schmitt, 2009, p. 289). 
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Exercise behavior 
Exercise is a deliberate behavior, unlike spontaneous physical activity. Type 1 
processes, like implicit associations, are theorized to have a direct influence on behavior. 
However, the influence is theorized to be stronger for spontaneous behaviors compared to 
controlled, deliberative behaviors. Therefore, it was theorized that implicit exercise 
associations would be weakly related to exercise behavior, especially in those with high 
capacities for Type 2 processes (Hofmann et al., 2009, 2008) and those with higher 
tendencies to use Type 2 processes.  
For example, it was theorized that people who score highly on indices of rational 
thinking and executive functioning (Ito et al., 2015; Payne, 2005) would exhibit weak or 
nonexistent associations between implicit exercise associations and deliberative exercise 
behavior. A caveat to this hypothesis is that implicit associations may be congruent with 
Type 2 processes (e.g., controlled, explicit ratings of attitude; see below). If implicit 
associations are positive and Type 2 processes endorse, rather than override the implicit 
associations, then implicit associations are likely to be more closely associated with 
exercise behavior. The moderating role of Type 2 processing capacities and tendencies 
was explored by testing Hypothesis 1. However, because of the deliberate nature of 
exercise, exercise behavior did not function as a primary nor secondary criterion variable 
for the validity of implicit exercise associations. Still, the status of exercise behavior as a 
traditional validity criterion and its interest from a public health perspective warranted 
assessment of the relation between implicit measures and exercise behavior.    
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Explicit attitudes 
Explicit attitudes also traditionally serve as a criterion variable. The act of making 
an explicit attitude rating involves Type 2 processes. Implicit associations occur 
automatically and rely more on Type 1 processes, and Type 1 processes bias Type 2 
processes. Due to this direct biasing, implicit exercise associations are theorized to have a 
stronger, more proximal relation with explicit attitudes toward exercise than with exercise 
behavior. Implicit exercise associations are theorized to reflect the affect heuristic (see 
below for discussion). Therefore, implicit exercise associations were postulated to be 
more strongly related to explicit affective attitudes than instrumental attitudes. However, 
some biasing of instrumental attitudes was expected to occur because instrumental 
attitudes are not expected to be completely independent of implicit associations. Like 
exercise behavior, the relation between implicit associations and explicit attitudes is 
hypothesized to be moderated by indices of Type 2 processing capacity and tendency 
(Hypothesis 2). Because explicit attitudes are theorized to rely primarily on Type 2 
processes, rather than Type 1 processes, explicit attitudes did not serve as a primary nor 
secondary criterion variable for the validity of implicit exercise associations. However, 
like exercise behavior, explicit affective attitudes were assessed as a traditional validity 
criterion.   
Experienced pleasure  
The strongest theorized criterion variable has not been investigated previously. 
Exercise behavior and explicit exercise attitudes are theorized to be predicted by implicit 
associations, at least in some conditions (see above for discussion). In contrast, affective 
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responses to exercise (experienced pleasure) are theorized to be causally related to 
implicit exercise associations. The somatic marker hypothesis suggests that through 
repeated association, somatic markers become linked with behavior (Bechara & Damasio, 
2005; Bechara, 2004; Damasio, 1994). Further, according to the theoretical framework 
adopted in this dissertation, the valence of the feelings associated with the affect heuristic 
is indicative of the somatic marker. If the heuristic affective reaction is positive, it 
indicates a positive somatic marker. If it is negative, then it indicates a negative somatic 
marker. The measurement of implicit exercise associations is theorized to be a 
measurement of this Type 1 process. In short, the pleasure or displeasure people 
experience when exercising is theorized to determine implicit exercise associations 
through their impact on somatic markers and the affect heuristic Type 1 process. Thus, 
the primary criterion variable to test the validity of implicit measures in this dissertation 
was experienced pleasure. 
Despite calls for research “to determine whether affective responses during 
exercise link to automatic/implicit processes” (Rhodes & Kates, 2015, p. 728), only one 
group of investigators has explored the effects of experienced pleasure on implicit 
associations. The results provided support for the present line of theorizing. Baldwin, 
Kangas, Smits, and Otto (2015) randomized previously sedentary participants to either a 
week of pleasant exercise sessions or moderate-intensity exercise sessions (i.e., 64-76% 
maximum heart rate), which may be pleasant or unpleasant. Implicit exercise 
associations, assessed with the SC-IAT, were measured at baseline and after the week-
long intervention. Participants assigned to pleasant exercise sessions had more positive 
implicit exercise associations after one week than participants assigned to moderate-
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intensity exercise (d = .61). It is possible that the effects of this intervention were 
attenuated by the short duration and the potential heterogeneity in affective responses in 
the moderate-intensity exercise group. In other words, an “affectively pleasant” group 
was potentially compared to an “affectively pleasant and unpleasant” group, rather than 
an “affectively negative” or “affectively neutral” group.  
Recalled affect 
Crucially, not all moments of an exercise session appear to equally contribute to 
the memory of the exercise session. Overall affective memory, or “recalled affect”, seems 
to be formed heuristically. This memory of exercise may be more closely related to the 
somatic markers and affect heuristic associated with exercise than experienced pleasure. 
Mounting evidence suggests that the slope of affective responses during an experience 
(e.g., progressively more positive, progressively more negative, stable) is highly 
influential on the memory of an experience (Ariely & Carmon, 2000; Zauberman, Diehl, 
& Ariely, 2006; Zenko, Ekkekakis, & Ariely, 2016). In addition, the last moment of an 
episode (i.e., the “end”) and the most positive or most negative moment of an episode 
(i.e., the “peak”) appear to be strong determinants of the overall memory of an experience 
(Redelmeier & Kahneman, 1996). This is known as the peak-end rule (Kahneman et al., 
1997). Interestingly, the duration of an experience does not seem to impact the affective 
memory of an experience; this concept is known as duration neglect (Fredrickson & 
Kahneman, 2003; Kahneman et al., 1997; Redelmeier, Katz, & Kahneman, 2003). 
Therefore, to accurately measure how experienced pleasure during exercise registers in 
long-term memory, it is necessary to measure global recalled affect of an exercise 
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experience rather than assume that the memory of an exercise session is derived from the 
arithmetic mean of pleasure experienced during the exercise session. Thus the secondary, 
yet equally critical criterion variable in this dissertation was the recalled affect of 
exercise. 
 The theoretical framework proposed here suggests that (a) experienced pleasure 
during exercise and (b) recalled affect of exercise should be included as theory-based 
validity criteria (Assumptions 1 and 1A). This dissertation was the first investigation to 
include either of these variables as a criterion variable, in the first comparative 
investigation of measures of implicit exercise associations. Further, measures of Type 2 
processing capacity and tendency were explored as possible moderators between implicit 
exercise associations, explicit exercise attitudes, and exercise behavior (Hypotheses 1 and 
2).  
Manipulating Affective Responses to Exercise 
The dual-mode theory (Ekkekakis, 2003, 2009a, 2009b) posits that affective 
responses to exercise are influenced by evolutionary history and adaptive value 
(Ekkekakis, Hall, & Petruzzello, 2005). According to the dual-mode theory, affective 
responses are determined by two factors, namely (1) interoceptive cues from the body 
(e.g., chemoreceptors, visceroreceptors) and (2) cognitive factors (e.g., goals, self-
efficacy, personality factors, perceived autonomy, pain tolerance). At intensities below 
the ventilatory threshold, exercisers rely primarily on aerobic metabolism and exercise is 
adaptive (Ekkekakis et al., 2005). At these intensities, most people are expected to have 
pleasant affective responses to exercise. Because of the adaptive usefulness of exercise at 
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these intensities, natural selection is theorized to have reduced interindividual variation. 
In contrast, at vigorous intensities that are above the ventilatory threshold, interoceptive 
cues are the dominant determinant of affective responses and exercise poses a threat to 
homeostasis. People reliably feel displeasure (or decreased pleasure) at these intensities, 
and the displeasure (or decreased pleasure) serves as a signal to cease exercise. Again, 
natural selection is theorized to have attenuated differences between individuals at 
vigorous intensities.  
 On the other hand, cognitive factors are the dominant determinants of affective 
responses at or near the ventilatory threshold. Evolutionarily more recent cognitive 
processes and personal cognitive histories vary greatly between individuals. Thus, some 
people are expected to feel increased pleasure (or reduced displeasure) and others are 
expected to feel increased displeasure (or reduced pleasure). In short, it is necessary to 
determine the ventilatory threshold of each individual and then measure the experienced 
pleasure during exercise at or near the ventilatory threshold.  This is expected to create 
maximum variance in affective responses to exercise, where some exercisers are expected 
to feel more pleasant (or less unpleasant) and others are expected to feel less pleasant (or 
more unpleasant).  
Chapter 2 Summary 
 In this chapter, automaticity was defined from a feature-based perspective. In 
addition, all nine measures of implicit associations used in this dissertation were 
introduced. Each measure can assess the implicit associations with exercise in the 
absolute sense, rather than the relative sense. This is a fundamental strength of each 
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measure because exercise does not have an obvious natural opposite, unlike Coke versus 
Pepsi, Black versus White, and Male versus Female. Chapter 2 concluded with a 
discussion on the issues surrounding the selection of a criterion variable, with theoretical 
justification for experienced pleasure during exercise at the ventilatory threshold and 
recalled affect of exercise as the primary and secondary choices, respectively. In Chapter 
3, the method for comparing these implicit measures in the exercise domain for the first 
time is outlined. 
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CHAPTER 3 
METHODS AND PROCEDURES 
Participants 
 No previous investigators have used experienced pleasure or recalled affect of 
exercise as validity criteria for measures of implicit exercise associations. Therefore, no a 
priori justification for an expected effect size existed. Instead, each implicit measure of 
exercise associations was deemed meaningful and valid if it had at least 9% shared 
variance with any of the validity criteria (i.e., a correlation of r ≥ 0.30). 
Power calculations for a two-tailed bivariate correlation, requiring a “medium” 
correlation (r = .3; Cohen, 1992, p. 157) between implicit exercise associations and 
criterion variables for measurement validation, α = 0.05, 1-β = 0.80, indicated that 84 
participants were needed (Appendix A). To compensate for potential participant attrition 
and elimination rate of 20%, the target sample size was set to 101. Participants were 
eligible if they were between the ages of 18 and 45 (if male) or 55 (if female) and had the 
ability to ride an exercise bike. In addition, participants were required to have normal or 
corrected vision, due to the nature of the implicit measures. Exclusionary criteria 
included pregnancy, a history of heart disease, unexpected pain or dizziness during 
exercise, and any conditions that could be made worse by physical exercise. Additional 
exclusionary criteria included affirmative answers to any of the Physical Activity 
Readiness Questionnaire items and nonfluency in the English language.  
 Following Institutional Review Board Approval (Appendix B), the participation 
of members of the university community was solicited via e-mail. Though 104 people 
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expressed interest and met the inclusionary criteria, five people failed to enroll in the 
study because they either had scheduling conflicts or did not show up for any laboratory 
appointments. In addition, after the first laboratory session (described below), two 
participants dropped out for personal reasons and two participants were eliminated 
because their ventilatory threshold could not be determined (due to early termination of 
the test because of discomfort for one participant, and due to excessive noise in gas 
exchange data for another). Thus, 95 participants completed all three sessions and were 
included in the analyses involving implicit measurement. The sample included students, 
faculty, and staff, with students coming from six of the seven university colleges. 
Additional sample characteristics and demographics are presented in Tables 3.1 and 3.2.   
Table 3.1. Participant characteristics by sex  
 Men (n = 37) Women (n = 58) 
Variable Mean ± SD Mean ± SD 
Age (years) 23 ± 7 26 ± 10 
Height (cm) 178.5 ± 7.0 166.3 ± 7.1 
Body Mass (kg) 81.4 ± 13.0 68.1 ± 15.1 
Body Mass Index (kg·m
-2
) 25.51 ± 3.63 24.70 ± 5.47 
VO2 Peak (ml·kg
-1
·min
-1
) 35.63 ± 8.39 29.26 ± 7.96 
Exercise Behavior (min·week
-1
)
 
279 ± 183 193 ± 149 
 
 
Measures 
Implicit measures 
 Nine measures of implicit exercise associations were compared with each other. 
These included the (1) Single-Category Implicit Association Test (SC-IAT) and (2) 
Personalized SC-IAT (PSC-IAT), (3) Approach-Avoidance Task (AAT), (4) Go/no-go 
Association Task (GNAT), (5) Extrinsic Affective Simon Task (EAST), (6) Evaluative 
Decision Task (EDT), (7) Affect Misattribution Procedure (AMP), (8) Visual Probe 
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Procedure (VPP), and (9) Affective Stroop Task (AST). All implicit measures were 
administered using Inquisit Lab (Version 4; Millisecond Software, LLC, Seattle, WA), 
which allows precise task presentation and precision response recording. All tasks had a 
500 ms intertrial interval and were followed by a 60-s rest period, although participants 
could request more time if desired. See Chapter 2 for background and previous evidence 
of validity, reliability, if available, and findings from previous use in the exercise domain, 
if available. See Tables 3.3 and 3.4 for procedural details of each implicit measure. 
Table 3.2. Participant demographics by sex 
 Men (n = 37) Women (n = 58) 
Variable n % n % 
Body Mass Index Category    
Underweight
 
0 0% 2 3.4% 
Normal Weight 16 43.2% 33 56.9% 
Overweight 18 48.6% 18 31% 
Obese 3 8.1% 5 8.6% 
Education    
High School Diploma or Equivalent 30 81.1% 34 58.6% 
BS / BA / BFA 4 10.8% 10 17.2% 
MS / MA / MFA 1 2.7% 9 15.5% 
PhD / Terminal 2 5.4% 5 8.6% 
Race / Ethnicity     
White / Caucasian 32 86.4% 45 77.3% 
Black / African American 1 2.7% 4 6.9% 
Asian / Pacific Islander 2 5.4% 3 5.2% 
Latino / Latina / Hispanic 2 5.4% 3 5.2% 
Multiracial 0 0% 2 3.4% 
Undisclosed 0 0% 1 1.7% 
Current Student 30 81.1% 37 63.8% 
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Table 3.3. Procedural Details for each Implicit Measure, with the exception of the Approach-Avoidance Task 
 
Task Task Structure Target 
Concept 
[Control/Filler 
Concepts] 
Nonexercise 
Attribute 
Categories 
[Attributes] 
Exercise 
Primes 
[Control 
Primes] 
(Duration) 
 
Target 
Duration 
SOA Response 
Deadline 
Outcome 
Variables 
Response 
Mode 
Single-Category 
Implicit Association 
Test (SC-IAT) 
2 practice blocks 
with 12 each, 2 test 
blocks with 72 
trials 
  
10 exercise 
images 
 
pleasant and 
unpleasant 
[10 positive 
words, 10 
negative words] 
 
----- ----- ----- 750 ms
1 
response 
latency 
keyboard 
Personalized SC-
IAT 
2 practice blocks 
with 12 trials each, 
2 test blocks with 
72 trials   
 
10 exercise 
images  
[10 idio-
syncratic 
words] 
 
“I like” and  
“I dislike” 
----- ----- ----- 750 ms
1 
response 
latency 
keyboard 
Go/No-go 
Association Task 
(GNAT) 
3 practice blocks 
with 20 trials each, 
2 test blocks with 
80 trials  
 
10 exercise 
words  
[10 distractor 
words] 
 
pleasant and 
unpleasant  
[10 positive 
words, 10 
negative words] 
 
----- ----- ----- 850 ms 
(practice 
only) 
600 ms 
error rate, 
response 
latency 
keyboard 
Extrinsic 
Affective Simon 
Task (EAST) 
2 practice blocks 
with 12 trials each, 
1 test block of 120 
trials 
 
10 exercise 
words  
[10 matched 
nonexercise 
words] 
positive and 
negative 
[10 positive, 10 
negative words] 
----- ----- ----- 750 ms
1
 error rate, 
response 
latency 
keyboard 
          
  
 
 
 
 
       
  
 
6
0
 
Notes: SOA: Stimulus Onset Asynchronicity, IAPS: International Affective Picture System. 
1Response “window dressing” was used, rather than a response 
deadline (Karpinski & Steinman, 2006). See text for explanation. 
2
The proportion of positive responses after exercise primes minus the proportion of positive 
responses after control primes was an index of positive implicit exercise associations. 
3
In the VPP, a fixation cross appeared for 500 ms before being replaced by 
target images for 1000 ms, which were then replaced by probes for 1000 ms or until a response was made. 
4
In the AST, a fixation cross appeared for 500 ms 
before being replaced by target words until a response was made. 
6
Responses were recorded with a microphone and checked for accuracy by an experimenter. 
Trials of the EAST, EDT, AMP, VPP, AST, and AAT were randomly ordered. Block order of the SC-IAT, PSC-IAT, and GNAT were counterbalanced.  
 
Table 3.3. Continued 
 
Evaluative 
Decision Task 
(EDT) 
24 practice trials, 1 
test block of 120 
trials  
 
10 positive and 
10 negative 
words 
----- 10 exercise 
images  
[10 neutral 
grey 
shapes] 
(100 ms) 
 
600 ms 250 
ms 
600 ms error rate, 
response 
latency 
keyboard 
 
Affect 
Misattribution 
Procedure (AMP) 
24 practice trials, 1 
test block of 120 
trials  
120 Chinese 
ideographs 
----- 10 exercise 
images  
[10 neutral 
grey 
shapes] 
(100 ms) 
 
100 ms 250 
ms 
600 ms proportion
2 
keyboard 
Visual Probe 
Procedure (VPP) 
24 practice trials, 1 
test block of 120 
trials with 40 filler 
trials 
 
10 exercise 
images  
[20 neutral 
IAPS images] 
----- ----- 500 ms
3
 
1000 ms 
1000 ms 
----- 1000 ms response 
latency 
keyboard 
Affective Stroop 
Task (AST) 
24 practice trials, 1 
test block of 120 
trials  
 
15 exercise 
words  
[15 matched 
nonexercise 
words] 
 
----- ----- 500 ms
4
 ----- ----- response 
latency 
voice
6 
  
 
6
1
 
1
Two types of response latencies were recorded in the AAT: The time needed to make an initial response and the time needed to fully extend the 
joystick. 
  
Table 3.4. Procedural Details for the Approach-Avoidance Task 
 
Task Practice Trials, Critical 
Test Trials, (Blocks) 
Images 
 
Goal Response Outcome Variables Response 
Mode 
 
Approach-
Avoidance 
Task (AAT) 
24 practice trials, 1 test 
block of 120 trials with 
40 filler trials 
10 exercise Images  
[5 neutral IAPS Images, 5 
neutral grey shapes] 
 
push or pull depending on 
image orientation 
(counter-balanced) 
response latency
1 
joystick 
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Implicit measures: Evidence for automaticity 
 The implicit measures used in this study were considered implicit based on the 
following justifications. First, effects in tasks that required the participant to evaluate a 
target, not the prime, were unintentional because there is no goal to process the valence 
of the primes. In addition, participants were instructed to ignore the primes (Payne et al., 
2005), so any effect was also uncontrolled. These tasks are the AMP and EDT. Similarly, 
in the AAT, participants were tasked with responding based on the orientation of stimulus 
(i.e., portrait vs. landscape), and to ignore the valence of the image. Thus, any effect in 
the AAT was also unintentional and uncontrollable. Similarly, the SC-IAT, PSC-IAT, 
GNAT, EAST, VPP, and AST did not require participants to evaluate the valence of the 
exercise words or images. Thus, any effect was also indicative of unintentionality and 
uncontrollability, because no goal was required for the occurrence of the effect. In short, 
each task used in this dissertation contained aspects of unintentionality and 
uncontrollability, which are two features of automaticity. 
 Moreover, both versions of the SC-IAT, the GNAT, and EAST involved response 
“window dressing”. This prevented truncation of responses greater than 750 ms and 
allowed responses up to 10,000 ms, in accordance with Greenwald et al. (2003). Though 
Karpinski and Steinman (2006) introduced a prompt to respond faster if participants were 
slower than 1,500 ms, Klauer and Tiege-Mocigemba (2007) noted that 800 ms was 
enough time for strategic responses to occur using a sequential priming paradigm. Thus, a 
prompt to respond faster occurred if participants responded slower than 750 ms, in order 
to strengthen the argument for automaticity. In this way, it can be argued that each task 
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was “fast”. This argument is especially strong in the EDT and AMP, which combined a 
short SOA of 250 ms with a response deadline of 600 ms (Degner, 2009), which also 
contributed to the uncontrollable nature of the tasks. Only the AST, VPP, and AAT lack 
empirical basis for automaticity specifically regarding the feature of “fast”. This is the 
only feature for automaticity not attributable to these tasks. 
 Finally, to reduce available cognitive processing resources, all tasks involved 
concurrent memory load (Hermans et al., 2000). This contributes to the argument for 
efficiency, yet another feature of automaticity. Taken together, the measures used in this 
dissertation can be considered true implicit measures. 
Implicit measures: Other procedural decisions 
 The number of nonpractice trials used in each task ranged from 120 to 160, with a 
median of 120 and mean of 130. The number of nonpractice trials exceeded 120 only in 
tasks where specific, recommended minimums exist (Karpinski & Steinman, 2006; 
Williams & Kaufmann, 2012). Further, the number of stimuli in each task was a function 
of the number of trials and task structure. For example, 10 exercise words and 10 
nonexercise words were used in the EAST. To allow for exercise words to appear in both 
colors twice, and to allow for 10 positive and 10 negative words to appear twice in white, 
120 trials were needed [(10 exercise words x 2 x 2 colors) + (10 nonexercise words x 2 x 
2 colors) + (10 positive words in white x 2) + (10 negative words in white x 2) = 120].   
In addition, the recommended upper limit of stimuli to represent each category 
(i.e., positive, negative) in sequential priming paradigms is 10 (Wentura & Degner, 
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2010). Thus, approximately 10 stimuli represented each category in various tasks (e.g., 
positive words, negative words, idiosyncratic words). An exception to this existed in the 
VPP, where 20 neutral International Affective Picture System images (IAPS; Lang, 
Bradley, & Cuthbert, 2008) were presented because of the need for filler trials. An 
additional exception existed in the AST, which allowed 15 exercise words and 15 
matched nonexercise words to appear once in the four colors used in the task. Using 10 
exercise and 10 nonexercise words, but maintaining 120 trials, would have required 
greater repetition of words in different colors. In short, each decision regarding the 
number of stimuli and task structure was made not arbitrarily, but in an effort to create 
parity among measures for comparative purposes while maintaining the unique properties 
of each measure.  
Implicit measures: Stimuli  
Whenever possible given the constraints of the tasks, images were used due to 
their more rapid processing speed (Carr, McCauley, & Sperber, 1982; Houwer & 
Hermans, 1994). However, some tasks are not conducive to pictorial stimuli. Stimuli 
included exercise images, exercise words, nonexercise words, images of neutral grey 
shapes, neutral photographs, normatively positive and negative words, idiosyncratic 
words, and Chinese ideographs.  
Exercise images consisted of high-quality, stock photographs downloaded from 
the Internet (watermark removed) which featured people doing resistance training, group 
exercise, yoga, running, core exercises, cycling, kickboxing, and images of exercise 
equipment. Care was taken to use images that contained (1) neutral facial expressions, (2) 
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asexual content (i.e., reasonably conservative attire and angles), and (3) an overall 
balance of gender.  
Exercise words included different exercises (e.g., jogging, biking, weightlifting, 
running) and were matched with nonexercise words as closely as possible in terms of 
syllables, word length, and normative valence (Warriner, Kuperman, & Brysbaert, 2013). 
Meaningless, neutral grey shapes created with a computer program functioned as control 
images for some tasks. Neutral photographs selected from the IAPS functioned as control 
images for others. The most neutrally valenced photographs according to IAPS norms 
were used, with the exception of photographs that included nudity, which were not 
included in this dissertation. Example images included pictures of mushrooms (IAPS 
numbers: 4410, 5531), a fire hydrant (7100), and a fork (7080).  
Examples of normatively positive words included pleasant, fun, enjoyable, 
positive, pleasing, interesting, wonderful, and likeable. Examples of normatively negative 
words included displeasing, boring, hate, awful, tiring, noxious, dislike, unenjoyable, and 
unpleasant. Idiosyncratic words were intended to be liked by some, but disliked by 
others. These were intended to be heterogeneously valenced and included coffee, garlic, 
football, beer, country music, Republicans, Democrats, George W. Bush, and television. 
Finally, the Chinese ideographs used in the AMP were meaningless to participants who 
did not read Chinese. One participant who did read Chinese did not complete the AMP in 
an effort to prevent the meaning of the Chinese characters from contaminating the results 
of the AMP (Payne et al., 2005) and other tasks.  
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Capacity for Type 2 processing 
 Three objective indicators of executive functioning were measured. These higher-
order cognitive processes included working memory capacity, updating of working 
memory and response inhibition.  
Updating and working memory capacity 
The Automated version of the Operation Span Task (AOSPAN; Unsworth, Heitz, 
Schrock, & Engle, 2005) measures working memory capacity (McCabe, Roediger, 
McDaniel, Balota, & Hambrick, 2010) and the ability to update working memory with 
relevant information (Miyake et al., 2000), both of which are strongly related to executive 
functioning (Mccabe et al., 2010). This task requires participants to memorize random 
strings of letters in the order that they are presented while solving math problems. One 
participant did not complete the AOSPAN because she arrived to her laboratory session 
too late. 
Response inhibition 
Response inhibition is another aspect of executive functioning (Miyake et al., 
2000). The Stop-Signal Task (Verbruggen, Logan, & Stevens, 2008) requires participants 
to press one of two response keys, depending on the direction of an arrow appearing on a 
computer screen. On some trials, a brief sound occurs that indicates the response should 
be inhibited. Successfully inhibiting the initial response to the arrow after the sound (i.e., 
the stop signal) is indicative of better response inhibition.  
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Tendency to rely on Type 2 processes 
 The behavioral tendency to rely on Type 2 processes was assessed in addition to 
objectively measured capacity to engage in Type 2 processes. Several of these measures 
were based on self-report, but two (i.e., the Modified Iowa Gambling Task and Delay 
Discounting Task) were objectively measured using the Inquisit 4 computer program.  
Executive functioning 
The 27-item, 5-factor Executive Function Index (EFI; Spinella, 2005) measures 
motivational drive, strategic planning, organization, impulse control, and empathy. 
Participants rate how well 27 statements describe them on a scale ranging from 1 (not at 
all) to 5 (very much). Previous investigations have provided data supporting convergent 
validity with other measures of executive functioning and indicate the potential for 
reliable measurement in all five subscales (Spinella, 2005). In the present sample, 
however, internal consistency for each scale was either weak (strategic planning: 
Cronbach’s α = .48; impulse control: α = .52; motivational drive: α = .67) or acceptable 
(organization: α = .70, empathy: α = .79).  
Rational-Experiential Inventory 
The 40-item Rational-Experiential Inventory (REI; Pacini & Epstein, 1999) is a 
measure of thought-processing styles and consists of a rationality scale and an 
orthogonally related experientiality scale. Participants rate the truth of 40 statements 
about them on a scale ranging from 1 (completely false) to 5 (completely true). Each 
scale consists of two subscales, namely ability and engagement. Concurrent, convergent, 
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and discriminant validity data have been reported by Björklund & Bäckstrom (2008). 
Internal consistency in the present sample was high for the experientiality (α = .91) and 
rationality (α = .91) scales. A higher score on the rationality scale was conceptualized to 
measure Type 2 processing tendencies and was of primary interest here; the 
experientiality scale was not analyzed.  
Cognitive Reflection Test 
The Cognitive Reflection Test (CRT; Frederick, 2005) is a three-item measure of 
the tendency to use Type 2 processes to override or correct intuitive Type 1 processes. 
Though the answers to the three questions are not inherently difficult, the answers are not 
intuitive. Instead, wrong but intuitive answers are more likely. Only 20% of Harvard 
students sampled answered all three items correctly, whereas just 6% of Michigan State 
University students answered all three correctly. The Cognitive Reflection Test has 
exhibited relatively strong predictive validity in several domains of decision-making 
(Frederick, 2005). Although 21.9% of participants in the present sample answered all 
three questions correctly, 30.2% answered none of the questions correctly. A higher score 
on the CRT was conceptualized to indicate greater tendency to engage in Type 2 
processing. 
Myopia for the future: Modified Iowa Gambling Task 
In the original Iowa Gambling Task (Gambling Task; Bechara, Damasio, 
Damasio, & Anderson, 1994), participants are instructed to select cards from four decks 
in an effort to maximize their net gains. Two of the decks are advantageous; repeatedly 
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choosing these decks leads to net gains. Two of the decks are disadvantageous, and lead 
to net losses. Poor performance on the Iowa Gambling Task is indicative of myopia, or 
decision-making strategies based on immediate outcomes at the expense (or discounting 
of) long-term gains (Bechara et al., 1994; Bechara, Dolan, & Hindes, 2002; Bechara, 
Tranel, & Damasio, 2000). Previous data indicate that participants with obesity perform 
significantly worse than normal-weight counterparts, which suggests that myopia may be 
related to eating behavior (Brogan, Hevey, Callaghan, Yoder, & Shea, 2011; Davis, Patte, 
Curtis, & Reid, 2010; Pignatti, Bertella, Albani, & Mauro, 2006). Performance on the 
Iowa Gambling Task may also be related to health behavior in general, including exercise 
behavior.  
The modified version (Cauffman et al., 2010) builds upon the original Iowa 
Gambling Task by allowing participants to choose to pass. This allows participants to 
avoid losing money, but at the expense of the opportunity to gain money. In addition to 
determining overall performance using a net score, this modification allows assessment 
of approach behavior (i.e., tendency to play advantageous decks) and avoidance behavior 
(i.e., tendency to pass disadvantageous decks). Overall, the modification allows more 
detailed analysis of behavioral tendencies. Better performance on this task, as indicated 
by net score, was conceptualized as an index of greater reliance on Type 2 processes. 
Thus, net score was analyzed here. The default amount of (imaginary) money given to 
start was $2,000.00. In this dissertation, participants were told that if they earned over 
$3,000.00 at the end of the task, they would get a $4.00 bonus. All but one participant 
earned the bonus.  
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Myopia for the future: Delay Discounting Task 
The Delay Discounting Task (Richards, Zhang, Mitchell, & de Wit, 1999) 
determines the rate at which participants discount future rewards in favor of immediate 
rewards. Participants are asked to make choices between either (a) receiving a smaller 
amount of money now, or (b) receiving another amount of money at a later date (e.g., 
would you rather have three dollars now or six dollars in five days?). Increased delay 
discounting behavior is related to several maladaptive behaviors, including heavy alcohol 
consumption (Field et al., 2007), smoking (Bickel, Odum, & Madden, 1999), and 
substance abuse (Petry & Casarella, 1999). Previous investigators have associated rates 
of delay discounting with several health behaviors, including exercise frequency 
(Daugherty & Brase, 2010). Lower tendency to discount future rewards in favor of 
immediate prospects was conceptualized as an index of the tendency to rely on Type 2 
processes. In this dissertation, participants were instructed that a choice would be selected 
at random and that they would earn the amount of money made during that choice. The 
amount of money that participants could earn varied between $0.50 and $10.00. The 
average payout was $8.96, with 70.7% of participants earning the maximum amount of 
$10.00.   
Myopia for the future: Impulsiveness  
The Barratt Impulsiveness Scale (BIS-11; Patton, Stanford, & Barratt, 1995) is a 
30-item measure of impulsiveness. Participants rate how well 30 statements describe 
them on a scale ranging from 1 (rarely/never) to 4 (almost always/always). A score of 72 
or higher indicates highly impulsive tendencies, whereas scores below 52 are indicative 
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of very low impulsiveness (Stanford et al., 2009). No a priori expectations existed related 
to any of the particular first- or second-order subscales on the BIS-11, so only the total 
impulsiveness score was of interest to this dissertation. Higher levels of impulsivity were 
conceptualized to reflect lower tendencies to rely on Type 2 processes.  Consistent with 
Stanford et al. (2009), the BIS-11 demonstrated acceptable internal consistency in this 
sample (α = 0.83).  
Myopia for the future: Consideration of Future Consequences  
The Consideration of Future Consequences-14 scale (CFC-14; Joireman, Shaffer, 
Balliet, & Strathman, 2012) is a measure of “the extent to which people consider the 
potential distant outcomes of their current behaviors and are influenced by those potential 
outcomes” (p. 1272). Participants rate how well 14 statements describe them on a scale 
ranging from 1 (not at all) to 7 (very much). This is conceptually similar to myopia. 
Evidence for construct validity has been reported by Orbell et al. (Orbell & Hagger, 
2006; Orbell & Kyriakaki, 2008; Orbell, Perugini, & Rakow, 2004).  
In addition, consideration for future consequences has been found to relate to 
exercise attitudes and intentions (Joireman et al., 2012). The CFC-14 has a two-factor 
structure, with CFC-Future and CFC-Immediate subscales. In contrast to the CFC-Future, 
the CFC-Immediate is designed to assess considerations for immediate consequences. 
Myopic behavior is characteristic of low reliance on Type 2 processes; thus, a high (low) 
consideration of immediate (future) consequences was theorized to be associated with 
low Type 2 processing tendencies. Internal consistency of both subscales in the present 
sample was adequate (CFC-Immediate: α = 0.84; CFC-Future: α = 0.85).  
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Color deficiency 
 The Ishihara Test (Ishihara, 1972) was used to test for deficiencies in color 
perception. Participants viewed fifteen plates containing numbers shown in different 
colors, one at a time, and responded by writing down the number that they saw. 
Participants were considered to have deficiencies in color perception if nine or fewer 
plates were identified correctly.  
Criterion measures 
Traditional criterion: Explicit attitudes 
A seven-point, bipolar semantic differential scale based on the theory of planned 
behavior (Ajzen, 1991) was used to assess explicit, self-reported affective attitudes 
toward exercise. Participants rated their agreement with the statements: “For me, 
exercising at least 30 minutes per day for at least 5 days over the next week would be 
([Pleasant-Unpleasant], [Enjoyable-Unenjoyable], [Exciting-Boring], [Soothing-
Agitating], [Distressing-Peaceful], [Fatiguing-Energizing], [Tempting-Uninviting], [A lot 
of fun-Not fun at all], [Good for my ego-Bad for my ego], [Something that picks me up-
Something that brings me down]). Internal consistency for this sample was high 
(Cronbach’s α = .90).   
Similarly, a semantic differential scale containing several pairs of adjectives was 
designed to assess cognitive instrumental attitudes toward exercise.  Participants rated 
their agreement with the statements: “For me, exercising at least 30 minutes per day for at 
least 5 days over the next week would be ([Harmful-Beneficial], [Bad-Good], 
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[Worthless-Valuable], [Useless-Useful], [Wise-Unwise])” on a 7-point bipolar scale. 
Internal consistency for this sample was acceptable (Cronbach’s α = .82). Note that 
instrumental attitudes did not serve as a validity criterion, but were used in moderation 
analyses. 
Traditional criterion: Self-reported exercise behavior  
Exercise behavior was measured with the short form of the International Physical 
Activity Questionnaire (IPAQ-SF; Craig et al., 2003). Participants were asked to answer 
questions about their vigorous-intensity, moderate-intensity, and walking exercise 
behavior in reference to a “usual week”. Participants were asked “only about those 
physical activities that [they] did for at least 10 minutes at a time” in their leisure time, 
which eliminated spontaneous physical activity and placed the emphasis on planned, 
deliberate exercise behavior. This was necessary because in this dissertation, the focus 
was on implicit exercise associations, not implicit physical activity associations. Validity 
data were reported by Craig and colleagues (2003), who found fair agreement between 
the IPAQ-SF and accelerometers (ρ = .30) and concluded that the IPAQ is “at least as 
good as other established self-reports” (p. 1381). Exercise behavior was quantified as the 
combined minutes of moderate- and vigorous-intensity exercise per week. Two outlier 
participants who reported extremely high amounts of exercise behavior (more than 750 
min·week 
-1
) were eliminated from related analyses, as was one participant who did not 
provide exercise behavior data.  
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Theory-based validity criterion: Experienced pleasure  
A dimensional approach to affect was adopted here. The core affective dimension 
of valence is theorized to be a bipolar dimension ranging from pleasure to displeasure 
(Russell, 1980, 2003). Affective responses to exercise at the ventilatory threshold (i.e., 
“experienced pleasure”) were assessed with the Feeling Scale (FS; Hardy & Rejeski, 
1989), a single-item, 11-point bipolar rating scale ranging from +5 (I feel “very good”) to 
-5 (I feel “very bad”). Verbal anchors are at zero (“neutral”) and odd numbers throughout 
the scale. Hardy and Rejeski (1989) provided concurrent validity data. This single-item 
rating scale allowed for repeated assessment during exercise, which was intended to 
provide adequate temporal resolution throughout the exercise session and minimize 
burden on participants.  
Theory-based validity criterion: Recalled affect 
In addition, recalled affect of exercise was measured with the Empirical Valence 
Scale (EVS; Lishner, Cooter, & Zald, 2008). The EVS is a visual analog scale ranging 
from -100 (“Most Unpleasant Imaginable”) to 100 (“Most Pleasant Imaginable”). 
Thirteen empirically spaced verbal anchors (e.g., extremely, strongly, barely, neutral) are 
placed throughout the scale. Participants were asked to respond to the question: “How did 
the exercise session make you feel?” The EVS allowed the recalled affect of the overall 
exercise session to be assessed. Previous research indicated that recalled affect of an 
exercise session is not simply derived from the average level of pleasure experienced 
during the exercise session; it is also influenced by the slope of pleasure during exercise 
(Zenko, Ekkekakis, & Ariely, 2016). In other words, the use of the EVS in this 
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dissertation was designed to assess how a global exercise experience registered in the 
memories of participants, which was expected to be related to but not fully explained by 
the average level of experienced pleasure during exercise.  
Procedures 
First Internet survey  
One week prior to the first laboratory visit, participants received an invitation to 
complete the IPAQ-SF and BIS-11 via e-mail. This stage of data collection took place on 
the Internet using the Qualtrics research suite (Qualtrics, Provo, Utah). Participants 
provided consent without documentation prior to completion of these questionnaires. One 
participant did not complete the First Internet Survey and was not included in related 
analyses.  
Maximal exercise session  
Upon entering the laboratory for the first time, participants read and signed a copy 
of the Informed Consent. Next, participants answered questions about their demographic 
data and their explicit instrumental and affective attitudes using the measures based on 
the theory of planned behavior. Height was measured using a wall-mounted stadiometer, 
and weight was measured with a scale (BF-626, Tanita, Tokyo, Japan). Next, participants 
completed the Delay Discounting Task using Inquisit 4 software. The Inquisit 4 software 
was executed using a Dell Optiplex 760 computer (Dell, Inc., Round Rock, TX) with an 
Intel Core 2 Duo processor, with the Microsoft Windows 7 operating system (Microsoft 
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Corporation, Redmond, WA). No other programs were running on the computer during 
data collection. 
Maximal exercise protocol  
Participants were then fitted with a heart rate monitor (Polar, Kempele, Finland), 
and nose-and-mouth facemask for collection of expired gases (Hans Rudolph, Kansas, 
MO) and had the instructions for the Feeling Scale (FS) read to them. Exercise took place 
using a computer-controlled, electronically braked recumbent cycle ergometer (Corival 
Recumbent, Lode, BV, Groningen, Netherlands). Exercise intensity was set at 0 W for 
five minutes and progressively increased by 1 W every 4 s until volitional exhaustion. 
Oxygen uptake and carbon dioxide production were measured with a metabolic cart 
(TrueOne 2400, Parvomedics, Salt Lake City, UT) that was calibrated before each use. 
Exercise concluded with removal of the facemask and a five-minute “cool-down” period 
at 0 W. To familiarize participants with the FS, affective responses were measured using 
the FS before, during, and after exercise. Participants pointed to a poster-sized FS to 
indicate their responses. The FS was then removed from the field of vision while not 
being used. Recalled affect of the exercise session was assessed using the EVS 5 min 
after exercise. This procedure was meant to familiarize participants with the measures 
used in the Individualized Exercise Session (described later). 
 Two to four investigators working independently determined the ventilatory 
threshold of each participant using a software program (WinBreak 3.7, Epistemic 
MindWorks, Ames, IA) that combines three methods of determining the ventilatory 
threshold (V-slope, ventilatory equivalents, and excess carbon dioxide). This procedure 
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was recommended by Gaskill, Ruby, Walker, Sanchez, Serfass, and Leon (2001). The 
ventilatory threshold was then used to set the intensity of exercise for the Individualized 
Exercise Session. Participants received $5.00 for completing the Maximal Exercise 
Session, in addition to the money earned from the Delay Discounting Task. 
Second Internet survey  
The morning after the maximal exercise session, and one week prior to the second 
laboratory visit, participants received an invitation via e-mail to complete the REI, CRT, 
EFI, and CFC-14. Once again, participants responded on the Internet using the Qualtrics 
research suite.  
Individualized exercise session  
Approximately one week after Session 1, participants returned to the laboratory 
for their second session. This session began with the Stop-Signal Task, AOSPAN, and 
Gambling Task. The Stop-Signal Task and AOSPAN – both measures of executive 
function – were presented in random, counterbalanced order. Participants were asked to 
take a one-min rest break between each task, but continued at will. During the AOSPAN 
and Gambling Task, participants wore over-the-head earmuffs (3M, St. Paul, MN; noise 
reduction rating: 22 decibels) to reduce external noise and enhance concentration. 
Participants wore computer headphones during the Stop-Signal Task to hear the stop 
signals.  
 Next, an investigator reminded participants of the instructions for the Feeling 
Scale. Participants were once again fitted with the heart rate monitor and completed 
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exercise on the recumbent cycle ergometer. Participants exercised for fifteen minutes. 
The first five minutes were a “warm-up” period set to 20% of the watts corresponding to 
the ventilatory threshold of each participant. The next 10 minutes were set to 100% of the 
W corresponding to the individualized ventilatory threshold. Using the FS, affective 
responses were assessed immediately before exercise, at min 1, 3, and 5 during the warm-
up period, and every 2 min during exercise at the ventilatory threshold. Experienced 
pleasure was quantified as the mean pleasure experienced while at the ventilatory 
threshold. Based on the dual-mode theory (Ekkekakis, 2003, 2009a, 2009b), affective 
responses to exercise at the ventilatory threshold were expected to have maximum 
interindividual variability. Thus, exercise intensity corresponded to the ventilatory 
threshold in an effort to maximize variance in experienced pleasure, and, in turn, enhance 
the utility of experienced pleasure as a validity criterion. The FS was again administered 
1 and 3 min postexercise. Finally, recalled affect of the exercise session was assessed 
using the EVS 5 min after exercise.  
Because of the “end” rule (Kahneman et al., 1997; Redelmeier et al., 2003; 
Redelmeier & Kahneman, 1996), affective responses at the last moment of exercise were 
theorized to be highly influential on the recalled affect of the exercise session. To 
preserve maximum interindividual variability in affective responses gained by exercising 
at the ventilatory threshold, no “cool-down” period occurred during the Individualized 
Exercise Session. It was thought that a low-intensity “cool-down” period would create 
homogenously pleasant affective responses at the end of exercise, rather than 
heterogeneous pleasant, neutral, and unpleasant responses. Ergo, a “cool-down” period 
was avoided because it may have attenuated variability in recalled affect. Participants 
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received $10.00 for completing the Individualized Exercise Session, in addition to the 
money earned from the Gambling Task. 
Implicit measurement session 
Approximately one week after the Individualized Exercise Session, participants 
returned to the laboratory for their final session. The Implicit Measurement Session was 
scheduled for the same day of the week and same time of day as the Individualized 
Exercise Session, in an effort to be consistent with the routine of each participant and 
account for possible diurnal variation in affect. However, several participants had to 
reschedule due to personal reasons and prior commitments. The nine measures of implicit 
affective associations (see Tables 3.3 and 3.4) were completed in random order to prevent 
systematic variation due to order effects. During the Approach-Avoidance Task, 
participants moved a joystick (Extreme 3D Pro; Logitech, Newark, CA) with their 
dominant hand (Rinck & Becker, 2007).  
A memory load task was completed concurrently with each measure of implicit 
affective associations (Hermans et al., 2000). Participants were instructed to remember 
six random digits during each task. After each task, participants had to identify the six 
random digits from a sheet of paper containing 26 number strings. To provide additional 
motivation, a reward of $0.75 was given for each successfully remembered string of 
digits. To increase consistency, all participants were assigned the same nine random 
number strings. The order of implicit measures was randomized for each participant, but 
the order of number strings was constant. This ensured that the random number string 
corresponding to each task was randomly assigned for each participant. Participants 
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received $20.00 for completing the Implicit Measurement Session, in addition to the 
amount of money earned from the memory load task. 
Data Processing 
Implicit measure processing 
No data collected using the Inquisit 4 software were missing, with the exception 
of one participant who read Chinese and did not participate in the AMP, and another 
participant who did not understand the AMP and quit before completing. Finally, data 
from nine participants were eliminated from analyses involving the EDT because of a 
script error that caused the trials to have a response deadline of 300 ms, rather than 600 
ms.  
Macros in Microsoft Excel were created to eliminate outliers and calculate the 
necessary outcome variables for each participant, for each implicit measure, using the 
raw data files. Outliers were defined as values falling outside of Tukey’s fences for each 
participant. For example, the interquartile range of response latencies was calculated for 
the individual data of each participant, and trials with extremely short and extremely long 
latencies were eliminated. Tukey’s fences were calculated and applied to the individual-
level data, not the sample-level data, in an effort to account for idiosyncratic differences 
between individuals. For each task, the participants with extremely high percentages of 
outliers were omitted. For the AMP and EDT, which feature response deadlines of 600 
ms, timeout percentage was calculated as the percentage of trials in which participants 
failed to respond within 600 ms. A timeout percentage was calculated for the VPP as 
well, using the response deadline of 1000 ms. For these tasks, participants with extremely 
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high timeout percentages were also omitted. Again, these extremes were defined by 
Tukey’s fences, but at the sample level.  
For the D-score outcome of the SC-IAT and PSC-IAT, no extreme values were 
eliminated unless specified by the algorithm used (Greenwald et al., 2003, p. 214). To 
apply the EZ-diffusion model to the SC-IAT, data from the SC-IAT were also processed 
according to the procedures of Rebar et al. (2015), which eliminated responses faster than 
100 ms in addition to each individual’s outliers based on Tukey’s fences. The EZ-
diffusion model requires errors. Twenty-seven participants had blocks with zero errors. In 
these instances, one error was manually created per error-free block.  
For the AST, voice responses were matched with trials using the built-in voice 
analysis utility of the Inquisit 4 software. Only response latencies from trials with correct 
responses counted toward the AST score. Four participants deemed to have deficiencies 
in color perception were eliminated from analyses involving the EAST.  
Missing data 
 Few data from the BIS-11 (1.28%), EFI (0.23%), REI (0.57%), CFC-14 (0.15%) 
were missing. Patterns of missingness were evaluated using Little’s Missing Completely 
At Random tests (Little, 1988). In each instance, the null hypothesis that data were 
missing completely at random was not rejected (p > .05). Expectation maximization was 
performed to impute missing data from each measure.  
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Data Analysis 
Internal consistency and administration time of implicit measures 
Internal consistency of each implicit measure was evaluated using split-half 
reliability estimates. For each task, the correlation between two halves of trials was 
corrected with the Spearman-Brown formula. The AAT, AMP, AST, EAST, EDT, and 
VPP present trials in random order. However, the GNAT, PSC-IAT, and SC-IAT each 
use block sequencing, where one block pairs exercise with the positive attribute and 
another block pairs exercise with the negative attribute. Using a first-half vs. second-half 
split method for tasks with block sequencing is inappropriate because it does not address 
issues associated with block sequencing (Williams & Kaufmann, 2012). Here, the trials 
of the GNAT , PSC-IAT, and SC-IAT were randomized prior to calculating split-half 
reliability in order “to avoid confounding test half with stimulus type” (Williams & 
Kaufmann, 2012, p. 882). This also created parity in reliability estimates between tasks, 
as all trials for all tasks were randomized, regardless of task structure. In addition to 
internal consistency, administration time for each measure was calculated for 
comparative purposes. 
Primary analyses 
To investigate the primary purpose of this dissertation, namely to evaluate the 
comparative validity of the nine measures of implicit exercise associations, a series of 
bivariate correlational analyses were performed using the scores on each measure and the 
mean of the experienced pleasure during exercise at the ventilatory threshold (i.e., the 
primary criterion variable). 
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The recalled affect of exercise was not expected to be entirely determined by the 
mean of the experienced pleasure during exercise. In other words, the affect heuristic 
may be more appropriately represented by the recalled affect, or the affective memory of 
an exercise session. To test this possibility, a series of bivariate correlational analyses 
were performed using the scores on each measure of implicit exercise associations and 
the recalled affect of exercise during the Individualized Exercise Session (i.e., the 
secondary criterion variable). Several bivariate correlational analyses were also used to 
assess the relation between implicit exercise associations and the traditional validity 
criteria of affective attitudes and exercise behavior.  
To address the issue of multiple comparisons, a False Discovery Rate of five 
percent was applied to avoid an inflated Type I error rate while preserving statistical 
power (Benjamini & Hochberg, 1995; Benjamini & Yekutieli, 2005; Keselman, Cribbie, 
& Holland, 2002). The False Discovery Rate was used to ensure that no more than 5% of 
significant results (i.e., rejected null hypotheses) were “false discoveries”, or Type I 
errors. Though less conventional than other procedures designed to avoid Type I error 
rate inflation, this procedure was adopted for three reasons. First, (1) comparatively few 
investigators correct for multiple correlations. More importantly, (2) the problems with 
Bonferroni and adjustments for multiple comparisons are well-known (Nakagawa, 2004; 
Rothman, 1990). The major concern is greatly reduced statistical power and inflated Type 
II error rate. The use of a False Discovery Rate provides a “much better compromise 
between Type I and Type II errors” (Nakagawa, 2004, p. 1045). Third, (3) to a large 
extent, each correlational test of significance in this dissertation was based on a priori 
theory, not post-hoc exploration. Thus, a False Discovery Rate was a conservative yet 
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reasonable approach in this dissertation. Special emphasis is placed on effect size rather 
than statistical inference.  
Effects of measurement order on validity estimates 
 It is possible that estimates of validity (i.e., correlation coefficients between 
measures of implicit exercise associations and validity criteria) are influenced by 
measurement order. Tables 3.3 and 3.4 describe nine candidate measures investigated in 
this dissertation. As mentioned above, these measures were administered to each 
participant in random order. Thus, each participant had an equal chance of completing 
any given measure first, second, third, fourth, … eighth, or ninth. It is possible that 
fatigue, interaction among measures, or other factors influence estimates of validity. For 
example, it was plausible, but not expected, that the estimate of the validity of a given 
measure of implicit exercise associations would be highest for participants who 
completed the task first, second, or third, and would deteriorate if a participant had 
previously completed several tasks.  
 To explore this possibility, a series of bivariate correlational analyses were 
performed for each measure using the entire sample and one subsample. This allowed 
comparison of validity estimates for each measure based on (a) the entire sample, 
regardless of the measurement order (i.e., first, second, third, … ninth) and (b) the 
participants who completed the measure early (i.e., first, second, or third). If fatigue, 
interaction among measures, or other factors have no influence on estimates of validity, 
then no trend in validity estimates should be expected. Put differently, the strength of the 
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correlation coefficients between measures of implicit exercise associations and validity 
criteria should not vary as a function of task order.  
However, an apparent trend would suggest that future investigators need to take 
measurement order into consideration when comparing multiple measures. An equitable 
comparison would require each task to be performed first. This would, of course, require 
a sample size at least nine times larger than that used in the present investigation. An 
apparent trend in validity estimates based on measurement order would provide valuable 
information for future researchers aiming to estimate the comparative validity of several 
measures in the exercise domain or other domains.   
Hypotheses 1 and 2 
 To test Hypothesis 1, namely that the relation between implicit exercise 
associations and exercise behavior would be moderated by Type 2 processing tendencies, 
capacities, and explicit affective attitudes, a series of exploratory moderator analyses 
were performed. Implicit measures of exercise association that were determined to be 
valid served as the predictor variables, while exercise behavior served as the outcome 
variable. Indicators of Type 2 processing tendencies and capacities and explicit affective 
attitudes served as moderator variables. A similar approach was used to test Hypothesis 
2, namely that the relation between implicit exercise associations and explicit attitudes 
would be moderated by Type 2 processing capacities and tendencies. Moderation 
analyses were completed using the PROCESS macro (version 2.15) for IBM SPSS 
Statistics (version 23, IBM, Armonk, NY). The PROCESS macro was documented and 
introduced by Hayes (2013) and is available from his webpage (Hayes, 2016).   
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Hypotheses 1 and 2 represent an initial test of the theoretical framework proposed 
in this dissertation. Specifically, Hypotheses 1 and 2 were designed to explore the joint 
influence of Type 1 processes (i.e., implicit exercise associations) and Type 2 processes 
(e.g., explicit attitudes) on exercise behavior. Likewise, Hypotheses 1 and 2 were 
designed to elucidate factors that may contribute to interindividual differences in the 
relation between implicit exercise associations and explicit attitudes, and the relation 
between implicit exercise associations and exercise behavior. The need for a multitude of 
measures thought to indicate Type 2 processing capacity and tendency is a limitation that 
stems from the fact that the best indicator of Type 2 processing capacity and tendency is 
unknown.  
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CHAPTER 4 
RESULTS 
Characteristics of the Individualized Exercise Intensity 
 The mean heart rate (HR; % of age-predicted maximum) throughout the 
Individualized Exercise Session is presented in Figure 4.1. Preexercise HR was low 
(39.9%), and stayed below “moderate-intensity” throughout the warm-up period. During 
exercise at the ventilatory threshold, HR ranged from 64.6 to 74.5%. Though HR 
continuously increased overtime, the exercise was, on average, “moderate intensity” (i.e., 
between 64 and 76%) for the entire time that exercise intensity was set to the W 
corresponding to the ventilatory threshold, and never crossed into the “vigorous-
intensity” range, namely HR equal to or greater than 77% of maximum (Garber et al., 
2011).   
 
Figure 4.1. Exercise intensity over time during the Individualized Exercise 
Session. Standard error bars are shown. 
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Characteristics of Experienced Pleasure 
 The mean affective responses for the sample throughout the Individualized 
Exercise Session are presented in Figure 4.2. On average, exercisers felt pleasant 
throughout the session. Mean affective valence (i.e., Feeling Scale (FS) ratings) during 
the warm-up period was 3.03 ± 1.63 units. During exercise at the ventilatory threshold, 
pleasure decreased slightly to an average of 2.23 ± 1.72 units, before rebounding to 3.11 
± 1.58 units 1 min postexercise and 3.47 ± 1.42 units 3 min postexercise. The average 
level of pleasure during exercise at the ventilatory threshold was significantly lower than 
preexercise levels of pleasure (2.93 ± 1.91 units; t (94) = 3.83, p < .001).  
 
Figure 4.2. Affective responses over time during the Individualized Exercise 
Session. Standard error bars are shown. 
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Differences between mean pleasure experienced during exercise and preexercise 
levels of pleasure ranged from -5.4 to 3.8 units. Most participants (57.9%) felt less 
pleasant or more unpleasant, while 28.4% felt more pleasant or less unpleasant and 
13.7% exhibited no difference. Further, most participants felt more unpleasant as the 
exercise progressed. More than half (51.6%) exhibited a negative slope of pleasure, while 
20% exhibited a positive slope and 28.4% slope of neither increasing nor decreasing 
pleasure. Together, these data suggest that the exercise at the ventilatory threshold 
elicited considerable heterogeneity in affective responses.  
Characteristics of Recalled Affect 
 Despite the decrease in pleasure during exercise compared to baseline levels, 
recalled affect of exercise was positive for the majority of participants. Mean recalled 
affect for the sample was 40.68 ± 24.78 units, on a scale ranging from -100 (Most 
Unpleasant Imaginable) to 100 (Most Pleasant Imaginable). In the present sample, 
recalled affect ranged from -37.3 to 100 units, and the 25
th
, 50
th
, and 75
th
 percentiles hand 
values of 24.4, 38.38, and 60.71 units, respectively. Like experienced pleasure, there was 
considerable heterogeneity in recalled affect. One participant, whose level of recalled 
affect was extremely negative (-37.3 units), was considered an outlier and was eliminated 
from further analyses involving recalled affect.  As expected, the two theory-based 
validity criteria, namely recalled affect and experienced pleasure during exercise at the 
ventilatory threshold, were significantly correlated (r = .56, p < .001). However, 68% of 
the variance in recalled affect was unexplained by experienced pleasure, indicating that 
the theory-based validity criteria were related but distinct.   
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Implicit Measure Administration Time and Efficiency 
 Implicit measure administration times are shown in Table 4.1, sorted from 
shortest to longest. No individual participant spent more than 11 min responding to any 
given task. Implicit measure efficiency was quantified by the percentage of correctly 
identified random number strings after each task. Each task had the same, random chance 
of corresponding to the same, random string of six digits for each participant. Overall 
efficiency was high; participants identified 89.35 ± 12.01% of the random number strings 
correctly. Efficiency ratings for each task are presented in Table 4.2.  
Table 4.1. Implicit Task Administration Time (Means ± SD) 
 
Task Administration Time (sec) 
Evaluative Decision Task (EDT) 247.73 ± 25.82 
Affect Misattribution Procedure (AMP) 273.89 ± 37.33 
Personalized Single-Category Implicit Association Test (PSC-IAT) 286.89 ± 49.24 
Approach-Avoidance Task (AAT) 318.04 ± 45.61 
Single-Category Implicit Association Test (SC-IAT) 331.61 ± 46.60 
Extrinsic Affective Simon Task (EAST) 353.23 ± 51.47 
Affective Stroop Task (AST) 359.92 ± 34.47 
Go/no-go Association Task (GNAT) 389.26 ± 46.61 
Visual Probe Procedure (VPP) 437.29 ± 34.42 
 
 
Table 4.2. Implicit Task Efficiency  
 
 
Task Efficiency (%) 
Affect Misattribution Procedure (AMP) 92.6  
Evaluative Decision Task (EDT) 91.6 
Approach-Avoidance Task (AAT) 90.5 
Personalized Single-Category Implicit Association Test (PSC-IAT) 89.5 
Single-Category Implicit Association Test (SC-IAT) 89.5 
Extrinsic Affective Simon Task (EAST) 88.4 
Go/no-go Association Task (GNAT) 88.4 
Visual Probe Procedure (VPP) 88.4 
Affective Stroop Task (AST) 86.3 
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Implicit Measure Outlier and Timeout Percentage 
The mean percentage of trials that were (a) outliers and (b) timed out for each task 
are presented in Table 4.3, sorted by outlier percentage. Outlier trials were identified with 
Tukey’s fences and eliminated from all analyses, and trials that timed out were identified 
based on the response deadline of each task (Table 3.3). As mentioned previously, 
participants with extremely high outlier and timeout percentages were eliminated from 
analyses.  
Table 4.3. Implicit Measure Outlier and Timeout Percentage (Means ± SD) 
 
Task Outlier (%) Timeout (%) 
Single-Category Implicit Association Test (SC-IAT), Processing Efficiency 7.54 ± 4.74  
Affective Stroop Task (AST) 5.21 ± 2.70  
Visual Probe Procedure (VPP) 3.90 ± 2.96 1.60 ± 11.50 
Extrinsic Affective Simon Task (EAST) 3.07 ± 1.73  
Affect Misattribution Procedure (AMP) 2.21 ± 3.58 17.97 ± 21.85 
Go/no-go Association Task (GNAT) 1.35 ± 4.27 N/A
1 
Evaluative Decision Task (EDT) 0.75 ± 2.76 13.52 ± 11.90 
Approach-Avoidance Task (AAT)   
Personalized Single-Category Implicit Association Test (PSC-IAT)  N/A
2
  
Single-Category Implicit Association Test (SC-IAT), D-score N/A
2
  
 
Note: 
1
Although the GNAT had a response deadline of 600 ms, participants were tasked with not 
responding on certain trials. Since some trials timed out intentionally, timeout percentage was not 
calculated for the GNAT.
 2
The D-score algorithm described in Greenwald et al. (2003) does not identify 
outliers using Tukey’s fences. Instead, trials with latencies longer than 10,000 ms and participants with 
frequent (> 10%) trials with latencies shorter than 300 ms are eliminated. No participants were eliminated 
using the D-score algorithm. 
 
Implicit Measure Internal Consistency 
Internal consistency data are presented in Table 4.4, sorted from highest to lowest. 
Most tasks had good or excellent internal consistency, while the EDT had acceptable 
internal consistency. The AMP and the outcome variable of error rate on the EAST, 
however, had weak internal consistency. 
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Table 4.4. Implicit Measure Internal Consistency 
 
Task Outcome Variable 
 Response Latency Error Rate Other 
Personalized Single-Category Implicit Association Test  .98   
Approach-Avoidance Task (AAT) .95
1 
 .94
2 
Affective Stroop Task (AST) .95   
Visual Probe Procedure (VPP) .95   
Single-Category Implicit Association Test (SC-IAT), D-score .94   
Extrinsic Affective Simon Task (EAST) .93 .58  
Go/no-go Association Task (GNAT) .92 .86  
SC-IAT, Processing Efficiency .91   
Evaluative Decision Task (EDT) .77 .73  
Affect Misattribution Procedure (AMP)   .63
3
 
 
Note: 
1
Initial Response Latency: The time it took for the participant to make the first movement. 
2
Final 
response latency: The time it took for the participant to make the complete movement. 
3
Proportion of 
pleasant categorizations vs. unpleasant categorizations.  
 
Comparative Validity of Implicit Measures in the Exercise Domain 
Correlation coefficients between each implicit measure of exercise associations 
and the validity criteria are presented in Tables 4.5 and 4.6. Two outcome variables (e.g., 
response latency, error rate) can be calculated for several tasks. In these instances, each 
outcome variable is presented separately.  
Each table is based on the task sequencing. Table 4.5 contains the correlation 
coefficients for the entire sample, regardless of task order. For example, participants may 
have completed each task in any order (i.e., first, second, third, … ninth). Table 4.6 
contains the correlation coefficients for the subsample of participants who completed the 
tasks early during the Implicit Measurement Session (i.e., first, second, or third). Thus, 
the sample size is reduced in Table 4.6 because the correlation coefficients are based on 
data from a subsample.  
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Table 4.5. Comparative Validity of Implicit Measures: Full Sample 
 
Task 
(Outcome Variable) 
 
Experienced 
Pleasure 
Recalled 
Affect 
Affective 
Attitudes 
 
Exercise 
Behavior 
Approach-Avoidance Task 
 (Initial Response Latency) 
 
r = -.020 
n = 95 
p = .844 
r = .010 
n = 94 
p = .923 
r = -.106 
n = 95 
p = .309 
r = -.333 
n = 92 
p = .001 
 
Approach-Avoidance Task  
(Final Response Latency) 
 
r = -.055 
n = 95 
p = .597 
r = .028 
n = 94 
p = .789 
r = .137 
n = 95 
p = .186 
r = -.332 
n = 92 
p = .001 
 
Affect Misattribution Procedure 
(Response Latency) 
 
r = -.009 
n = 84 
p = .938 
r = .068 
n = 84 
p = .536 
r = .123 
n = 82 
p = .271 
r = .106 
n = 81 
p = .347 
 
Affective Stroop Task 
(Response Latency) 
r = .103 
n = 91 
p = .332 
r = .057 
n = 90 
p = .596 
r = .028 
n = 91 
p = .791 
r = -.147 
n = 88 
p = .173 
 
Evaluative Decision Task 
(Response Latency) 
r = -.132 
n = 79 
p = .246 
r = .061 
n = 78 
p = .593 
r = -.071 
n = 79 
p = .532 
r = -.144 
n = 77 
p = .211 
 
Evaluative Decision Task 
 (Error Rate) 
r = -.128 
n = 79 
p = .262 
r = -.194 
n = 78 
p = .090 
r = -.069 
n = 79 
p = .543 
r = -.238 
n = 77 
p = .037 
 
Extrinsic Affective Simon Task 
(Response Latency)
 
r = .079 
n = 90 
p = .459 
r = -.066 
n = 89 
p = .542 
r = .016 
n = 90 
p = .880 
r = -.061 
n = 87 
p = .574 
 
Extrinsic Affective Simon Task 
(Error Rate)
 
r = .012 
n = 90 
p = .912 
r = .045 
n = 89 
p = .675 
r = -.031 
n = 90 
p = .775 
r = .117 
n = 87 
p = .280 
 
Go/no-go Association Task 
(Response Latency)
 
r = .006 
n = 90 
p = .958 
r = -.111 
n = 89 
p = .298 
r = -.023 
n = 90 
p = .827 
r = .006 
p = 87 
n = .954 
 
Go/no-go Association Task  
(Error Rate) 
r = -.084 
n = 90 
p = .431 
r = -.071 
n = 89 
p = .511 
r = -.018 
n = 90 
p = .867 
r = .026 
n = 87 
p = .813 
 
PSC-IAT  
(D-score) 
 
r = -.004 
n = 95 
p = .967 
r = -.111 
n = 94 
p = .289 
r = -.020 
n = 95 
p = .850 
r = -.083 
n = 92 
p = .432 
 
SC-IAT  
(D-score)
 
r = .029 
n = 94 
p = .780 
r = -.013 
n = 93 
p = .902 
r = .030 
n = 94 
p = .773 
r = -.004 
n = 91 
p = .972 
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Table 4.5. Continued 
SC-IAT  
(Processing Efficiency) 
 
r = .052 
n = 90 
p = .625 
r = .169 
n = 89 
p = .113 
r = .182 
n = 90 
p = .086 
r = .013 
n = 87 
p = .908 
 
Visual Probe Procedure 
(Response Latency) 
r = .031 
n = 92 
p = .773 
r = -.059 
n = 92 
p = .579 
r = .042 
n = 92 
p = .692 
r = .197 
n = 89 
p = .064 
 
Abbreviations: PSC-IAT: Personalized Single-Category Implicit Association Test. SC-IAT: Single-
Category Implicit Association Test. Notes: Correlation coefficients stronger than .3 are bolded. Sample size 
provided for each correlation. P-values provided for completeness only; p-values should not be emphasized 
here. 
 
Based on the Table 4.5, most of the measures of implicit exercise associations 
were weakly associated with the validity criteria and were below the established criterion 
of meaningfulness upon which power calculations were based (i.e., r ≥ .3). Several of the 
associations were negative, or against the hypothesized direction. The AAT was related 
to exercise behavior in terms of each of its outcome variables, namely initial response 
latency and final response latency. The outcome of error rate on the EDT initially 
appeared to be negatively associated with exercise behavior. After correcting for multiple 
comparisons by setting a False Discovery Rate of 5%, however, only the AAT was 
significantly related to any of the validity criteria.  
 Table 4.6 is based on a subsample. Due to the smaller number of participants in 
the following exploratory analyses, power was severely reduced. Thus, effect sizes 
should be emphasized and tests of statistical inference are neither meaningful nor 
provided.  
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Table 4.6. Comparative Validity of Implicit Measures: Subsample that Completed 
Each Task First, Second, or Third 
 
Task 
(Outcome Variable) 
 
Experienced 
Pleasure 
Recalled 
Affect 
Affective 
Attitudes 
 
Exercise 
Behavior 
Approach-Avoidance Task 
 (Initial Response Latency) 
r = -.305 
n = 28 
 
r = .006 
n = 27 
r = -.061 
n = 28 
r = -.381 
n = 27 
 
Approach-Avoidance Task  
(Final Response Latency) 
r = -.358 
n = 28 
r = -.007 
n = 27 
 
r = -.001 
n = 28 
r = -.332 
n = 27 
Affect Misattribution Procedure 
(Response Latency) 
r = -.308 
n = 35 
r = -.089 
n = 35 
r = -.065 
n = 35 
r = -.163 
n = 33 
 
Affective Stroop Task 
(Response Latency) 
 
r = -.101 
n = 30 
 
r = .147 
n = 29 
 
r = .089 
n = 30 
 
r = -.235 
n = 29 
 
Evaluative Decision Task 
(Response Latency) 
r = .094 
n = 25 
r = .252 
n = 25 
r = -.225 
n = 25 
r = -.122 
n = 24 
 
Evaluative Decision Task  
(Error Rate) 
r = -.170 
n = 25 
r = -.125 
n = 25 
r = -.376 
n = 25 
 
r = -.459 
n = 24 
 
Extrinsic Affective Simon Task 
(Response Latency)
 
r = -.112 
n = 29 
 
r = -.377 
n = 28 
 
r = -.049 
n = 29 
 
r = .043 
n = 28 
 
Extrinsic Affective Simon Task 
(Error Rate) 
 
r = -.198 
n = 29 
 
r = -.185 
n = 28 
 
r = .014 
n = 29 
 
r = .081 
n = 28 
 
Go/no-go Association Task 
(Response Latency)
 
r = .151 
n = 34 
 
r = .042 
n = 34 
 
r = -.021 
n = 34 
 
r = .058 
n = 32 
 
Go/no-go Association Task  
(Error Rate) 
r = -.379 
n = 34 
r = -.266 
n = 34 
 
r = .014 
n = 34 
 
r = .027 
n = 32 
 
PSC-IAT  
(D-score) 
r = -.179 
n = 28 
 
r = -.130 
n = 28 
 
r = -.237 
n = 28 
r = -.305 
n = 28 
 
SC-IAT  
(D-score)
 
r = .236 
n = 31 
r = -.239 
n = 31 
 
r = .068 
n = 31 
 
r = .100 
n = 30 
 
SC-IAT 
 (Processing Efficiency) 
 
r = .229 
n = 31 
r = .223 
n = 31 
r = .306 
n = 31 
r = -.082 
n = 30 
 
Visual Probe Procedure 
(Response Latency) 
r = .058 
n = 21 
r = -.013 
n = 21 
r = -.348 
n = 21 
r = -.025 
n = 21 
 
Abbreviations: PSC-IAT: Personalized Single-Category Implicit Association Test. SC-IAT: Single-
Category Implicit Association Test. Notes: Correlation coefficients stronger than .3 are bolded. Sample size 
provided for each correlation. P-values provided for completeness only; p-values should not be emphasized 
here.  
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 The associations between several implicit measures of exercise associations and 
the validity criteria are stronger in Table 4.6 than 4.5. This suggests that estimates of 
validity may deteriorate as tasks are performed later (i.e. first, second, third … ninth vs. 
first, second or third only). Many correlation coefficients stronger than .3, however, were 
in the direction inconsistent with theoretical predictions. In addition to the AAT, the 
AMP, EDT, EAST, GNAT, PSC-IAT, SC-IAT, and VPP appeared to be related to at 
least one validity criterion. 
Moderation Analyses 
 Considering the a priori assumption that, to be considered meaningful, validity 
coefficients between measures of implicit exercise associations and criterion variables 
would have to indicate 9% of shared variance, only the AAT can be considered 
meaningfully related to criterion variables based on these data (refer to Table 4.5). Using 
the full sample, no measure of implicit exercise associations was significantly or 
meaningfully related to the theory-based validity criteria, although the AAT was related 
to the traditional criterion of exercise behavior.  
Each indicator of Type 2 processing tendency or capacity was analyzed to 
determine its role in moderating the relation between implicit exercise associations, as 
indicated by the initial response latencies on the AAT, and exercise behavior. The 
outcome of initial response latency was chosen over final response latency because of its 
stronger relation with exercise behavior. The interaction terms between each indicator of 
Type 2 processing tendency or capacity and implicit exercise associations explained 
between 0 and 4% of the variance in exercise behavior (Table 4.8). After correcting for 
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multiple hypothesis tests using a False Discovery Rate of 5%, none of the indicators of 
Type 2 processing capacity or tendency was a significant moderator. Similarly, explicit 
affective attitudes did not have a significant moderating role (R
2
 = .00, F (1, 88), p = 
.552). 
Table 4.8. Moderation of the Relation between Implicit Exercise Associations 
and Exercise Behavior 
 
Type 2 Processing Indicator (Measure) R
2  Δ due to 
interaction 
 
 
Executive Function (EFI)   
Empathy scale .01   F (1, 88) = 0.73, p = .396 
Impulse Control .04 F (1, 88) = 4.55, p = .036 
Motivational Drive .00 F (1, 88) = 0.33, p = .568 
Organization .01 F (1, 88) = 1.46, p = .230 
Strategic Planning .00 F (1, 88) = 0.24, p = .627 
Cognitive Reflection (CRT) .03 F (1, 88) = 3.17, p = .078 
Impulsiveness (BIS-11) .02 F (1, 88) = 1.54, p = .218 
Myopia   
(CFC-14, Future scale) .01 F (1, 88) = 0.64, p = .425 
(CFC-14, Immediate scale) .00 F (1, 88) = 0.23, p = .635 
(Delay Discounting Task) .00 F (1, 88) = 0.07, p = .793 
(Gambling Task) .00 F (1, 88) = 0.31, p = .578 
Rationality (REI) .02 F (1, 88) = 2.06, p = .155 
Response Inhibition (Stop-Signal) .00 F (1, 88) = 0.05, p = .818 
Updating and Working Memory Capacity (AOSPAN) 
 
.01 F (1, 87) = 0.68, p = .412 
 
Abbreviations: EFI: Executive Function Index. CRT: Cognitive Reflection Test. BIS: Barratt Impulsiveness 
Scale. CFC: Consideration of Future Consequences Scale-14. REI: Rational-Experiential Inventory. 
AOSPAN: Automated Operation Span Task. 
 
Likewise, the interaction terms between each indicator of Type 2 processing 
tendency or capacity and implicit exercise associations explained between 0 and 5% of 
the variance in explicit affective attitudes (Table 4.9). None was significant after 
correcting for multiple hypothesis tests using a False Discovery Rate of 5%.  
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Table 4.9. Moderation of the Relation between Implicit Exercise Associations and 
Explicit Affective Attitudes 
 
Type 2 Processing Indicator (Measure) R
2  Δ due to 
interaction 
 
 
Executive Function (EFI)   
Empathy scale .01       F (1, 91) = 0.83, p = .366 
Impulse Control .00 F (1, 91) = 0.13, p = .718 
Motivational Drive .00 F (1, 91) = 0.43, p = .513 
Organization .02 F (1, 91) = 2.07, p = .153 
Strategic Planning .00 F (1, 91) = 0.02, p = .887 
Cognitive Reflection (CRT) .00 F (1, 91) = 0.35, p = .555 
Impulsiveness (BIS-11) .01 F (1, 91) = 0.47, p = .494 
Myopia   
(CFC-14, Future scale) .01 F (1, 91) = 0.53, p = .468 
(CFC-14, Immediate scale) .05 F (1, 91) = 4.48, p = .037 
(Delay Discounting Task) .00 F (1, 91) = 0.01, p = .913 
(Gambling Task) .01 F (1, 91) = 0.50, p = .483 
Rationality (REI) .03 F (1, 91) = 2.83, p = .097 
Response Inhibition (Stop-Signal) .02 F (1, 91) = 2.15, p = .146 
Updating and Working Memory Capacity (AOSPAN) .01 F (1, 90) = 0.49, p = .487 
 
Abbreviations: EFI: Executive Function Index. CRT: Cognitive Reflection Test. BIS: Barratt Impulsiveness 
Scale. CFC: Consideration of Future Consequences Scale-14. REI: Rational-Experiential Inventory. 
AOSPAN: Automated Operation Span Task. 
 
Table 4.10. Moderation of the Relation between Implicit Exercise Associations 
and Explicit Instrumental Attitudes 
 
Type 2 Processing Indicator (Measure) R
2  Δ due to 
interaction 
 
 
Executive Function (EFI)   
Empathy scale .01   F (1, 91) = 0.80, p = .372 
Impulse Control .00 F (1, 91) = 0.32, p = .571 
Motivational Drive .00 F (1, 91) = 0.01, p = .930 
Organization .00 F (1, 91) = 0.14, p = .707 
Strategic Planning .00 F (1, 91) = 0.08, p = .777 
Cognitive Reflection (CRT) .00 F (1, 91) = 0.19, p = .892 
Impulsiveness (BIS-11) .00 F (1, 91) = 0.23, p = .632 
Myopia   
(CFC-14, Future scale) .01 F (1, 91) = 0.48, p = .490 
(CFC-14, Immediate scale) .00 F (1, 91) = 0.27, p = .603 
(Delay Discounting Task) .01 F (1, 91) = 0.51, p = .478 
(Gambling Task) .00 F (1, 91) = 0.17, p = .679 
Rationality (REI) .00 F (1, 91) = 0.13, p = .718 
Response Inhibition (Stop-Signal) .03 F (1, 91) = 2.86, p = .094 
Updating and Working Memory Capacity (AOSPAN) .00 F (1, 90) = 0.15, p = .698 
 
Abbreviations: EFI: Executive Function Index. CRT: Cognitive Reflection Test. BIS: Barratt Impulsiveness 
Scale. CFC: Consideration of Future Consequences Scale. REI: Rational-Experiential Inventory. AOSPAN: 
Automated Operation Span Task. 
99 
 
Finally, the interaction terms between each indicator of Type 2 processing 
tendency or capacity and implicit exercise associations explained between 0 and 5% of 
the variance in explicit instrumental attitudes (Table 4.10). No moderation effects were 
statistically significant. 
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CHAPTER 5 
DISCUSSION AND FUTURE DIRECTIONS 
 The study of implicit exercise associations has several theoretical implications 
that may ultimately be applied to enhance exercise promotion. It is possible that 
researchers and practitioners alike may account for implicit exercise associations when 
creating a promotional plan to enhance exercise behavior. For example, Antoniewicz and 
Brand (2016a) have found that implicit exercise associations are predictive of exercise 
adherence over 14 weeks, and suggested that practitioners target implicit exercise 
associations to promote exercise behavior.  
It may also be possible to target implicit exercise associations directly, in an effort 
to bias decision making in favor of exercise. Recent evidence supports this idea 
(Antoniewicz & Brand, 2016b). The researchers altered implicit exercise associations 
through conditioning, in which participants were repeatedly exposed to exercise images 
(conditioned stimuli) paired with images of people experiencing positive or negative 
feelings and bodily sensations (unconditioned stimuli). Changes in implicit associations 
were predictive of changes in exercise behavior. 
 The primary purpose of this dissertation was to evaluate the comparative validity 
of nine measures of implicit exercise associations. Direct comparison would allow 
researchers to decide which measure to use with empirical justification. So far, the 
decision to favor one measure over another is usually unsupported by theoretical 
arguments or empirical evidence and thus appears essentially arbitrary. Why, for 
example, do some researchers prefer the Affect Misattribution Procedure in one study 
(Antoniewicz & Brand, 2014), the pictorial Brief Implicit Association Test (a variant of 
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the IAT) in another study (Antoniewicz & Brand, 2016a), and the Evaluative Decision 
Task and Single-Target Implicit Association Test (which is conceptually identical to the 
SC-IAT) in other studies (Antoniewicz & Brand, 2016b)? These decisions are paramount 
to designing methodologically rigorous studies.  
 Thus, this dissertation was designed to identify the most valid measure of implicit 
exercise associations and describe the internal consistency of these measures. This 
dissertation was also designed to allow for practical considerations, such as 
administration time. Each task used in this dissertation was designed to justifiably be 
called “implicit”, based on various defining features of automaticity. Further, each task 
was designed to allow for equitable comparison of validity between measures, using 
carefully chosen stimuli and task structures. For example, unless an empirical 
justification for a different number of trials existed based on previous literature, each task 
had 120 test trials preceded by 24 practice trials. Similarly, to allow for equitable 
comparison of internal consistency, tasks with block structures had their trials 
randomized during data processing to mimic the randomization used during the tasks 
without block structures. This simultaneously addressed issues related to task sequencing 
inherent in assessing the split-half reliability of tasks with block structures (Williams & 
Kaufmann, 2012). The measures used in this study were directly compared within the 
same sample for the first time, using theory-based validity criteria (i.e., pleasure 
experienced during exercise, and the recalled affect of an exercise session) and traditional 
validity criteria (i.e., explicit affective attitudes and exercise behavior). 
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Administration Time, Task Efficiency, and Internal Consistency 
 On average, each task evaluated here took less than 7.5 min to administer. This 
indicates that any given task can be administered without imposing much burden on 
participants or occupying a large amount of laboratory time. Each task was also efficient, 
which is a feature of automaticity that always requires empirical justification. During 
each task, participants were subjected to a concurrent memory load task. This memory 
load task was completed successfully most of the time. Each task had an efficiency rating 
between 86.3 and 92.6%.  
 Most implicit measurements had acceptable to high internal consistency, which 
often goes unreported. The AMP and the outcome variable of “error rate” for the EAST, 
however, had weak internal consistency. In particular, the internal consistency of the 
AMP in this sample was lower than previously reported (Payne et al., 2005). Future 
researchers can use the estimates of internal consistency reported here as an indication of 
the internal consistency that can be expected in their investigations, but must be sure to 
assess (and report) the internal consistency of their own measurements.  
The internal consistency of the measurements found in this study was often higher 
than previously reported (Calitri et al., 2009; Gawronski et al., 2011; Hyde et al., 2010; 
Karpinski & Steinman, 2006; Rebar et al., 2015). This may be due to certain procedural 
cautions, which included efforts to eliminate distracting noises and stimuli, a private 
laboratory environment, standardized instructions, and standardized experimenter-
participant interactions. Each of these procedures was designed to maximize reliability. 
Further, care was taken to standardize the definition of an outlier by using Tukey’s fences 
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for most tasks. Participants with an extremely high percentage of outlier trials or trials 
that timed out were eliminated from analyses. The standardization of procedures also 
contributed to the parity between tasks.  
Comparative Validity 
 This dissertation was conceptualized as a direct comparison of each measure of 
implicit exercise associations within the same sample (with the exception of a small 
number of participants eliminated from each analysis due to an extremely high proportion 
of outliers or timed out trials). Using the entire sample, none of the measures was 
considered valid using the theory-based validity criteria of experienced pleasure or 
recalled affect. No measure of implicit exercise associations was significantly or 
meaningfully related to these variables. According to the traditional validity criterion of 
exercise behavior, however, the Approach-Avoidance Task (AAT) was considered valid, 
as it was significantly and meaningfully related. This was true for both outcomes of (a) 
response time to make an initial movement and (b) response time to make a complete 
movement (i.e., complete the pulling or pushing motion).  
The relation between the outcome variable of error rate for the Evaluative 
Decision Task (EDT) and exercise behavior was also noteworthy and, if not for 
participant elimination, it might have resulted in significance while using a False 
Discovery Rate of 5%. However, the direction was unexpected and not reconcilable with 
theoretical predictions. Previous use of the EDT has consistently found a lower error rate 
in classifying positive target words that followed positive primes, compared to negative 
primes (Hermans et al., 2000; Moors et al., 2005). In other words, congruency between 
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primes and targets facilitates accuracy. One would predict, then, that if implicit 
associations with exercise were positive, a lower error rate in classifying positive target 
words that followed exercise primes would be apparent, and this would be associated 
with more exercise behavior. In contrast, results showed that this response pattern was 
associated with less exercise behavior. Therefore, while the strength of association was 
noteworthy, theoretical considerations suggest that it was likely spurious.    
The direction of association between the AAT and exercise behavior was also 
unexpected. Faster pulling movements were associated with less exercise behavior. When 
participants pulled the joystick, the image on the computer screen zoomed in, creating the 
illusion that the image was moving closer to the participant. Thus, it was expected that 
pulling would be an approach movement, as it has been considered in other contexts 
(Rink & Becker, 2007; Wiers et al., 2009). However, it is possible that pulling may be 
more appropriately characterized as an avoidance movement, despite the zooming aspect 
of the on-screen image. When a participant pulls on the joystick, he or she pulls away 
from the computer screen. This explanation highlights that the unexpected direction is at 
least reconcilable with the theoretical predictions. Nevertheless, despite the statistical 
significance of the relation between the AAT and exercise (p = .001), it is still possible 
that this result is an unreliable anomaly. This is unlikely, however, given that the 
correlation between the AAT and exercise behavior in this study was higher than many, if 
not all, previous correlations between measures of implicit exercise associations and any 
validity criteria (e.g., Antoniewicz & Brand, 2014; Calitri et al., 2009; Conroy et al., 
2010; Eves et al., 2007; Hyde et al., 2010; Rebar et al., 2015). This is the first time that 
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the AAT has been used in the exercise context, so direct comparison with prior research 
is impossible.  
 Based on the validity estimates and high internal consistency of the AAT in this 
study, as well as the high efficiency rating and short administration time, the AAT can be 
recommended over other tasks as a measure of implicit exercise associations. Future 
researchers must elucidate the true meaning of pulling and pushing in the exercise 
context to determine which direction corresponds with approach, and which direction 
corresponds with avoidance. In addition, future investigations should explore the validity 
of the AAT variant that uses a computer mouse, rather than a joystick. The joystick 
variant was used in the present study. However, using a computer mouse would have the 
potential advantage of not requiring participants to come into the lab. This computer-
mouse variant would allow researchers to use Inquisit Web (Millisecond Software, LLC, 
Seattle, WA) and conduct studies via the Internet. This has several advantages, including 
possibly expanding the sample size and diversity by lifting restrictions associated with 
the geographical proximity to the laboratory. 
Effects of measurement order on validity estimates 
 The possibility that measurement order would impact validity estimates was also 
explored. Correlational analyses between the validity criteria and the implicit measures 
within participants who completed the task early (i.e., either first, second, or third) were 
conducted. These contrasted with the main analyses that included the entire sample, 
regardless of whether the task was performed first, second, third, fourth, fifth, sixth, 
seventh, eighth, or ninth. The implicit measurement order to which each participant was 
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assigned was random; ergo no systematic patterns in the associations between each task 
and the validity criteria can be expected by chance. However, several intriguing patterns 
emerged (Appendices C through F). The validity estimates of several measures increased 
as the tasks were performed earlier, indicating that fatigue, an interaction among tasks, or 
some other unknown factors might have deteriorated the validity coefficients for a given 
task when the task was performed after several others. 
Tasks with increased validity estimates 
Validity estimates of the Go/no-go Association Task (GNAT) and Evaluative 
Decision Task (EDT) outcome variable of response latency became stronger as the task 
was performed earlier. For participants who completed the EDT early, for example, the 
EDT shared up to 6.25% of the variance with recalled affect. In contrast, when 
considering the full sample, less than 1% of the variance was shared between the EDT 
and recalled affect. 
 Similarly, the AAT had increasing validity estimates as the task was performed 
earlier. For the participants who completed the AAT early, for example, between 9.3 and 
12.8% of the variance was shared between the AAT and experienced pleasure. Likewise, 
between 11 and 14.5% of the variance was shared between the AAT and exercise 
behavior. 
Validity estimates of the Single-Category Implicit Association Test (SC-IAT), 
using the EZ-diffusion model, increased for three of the validity criteria as the task was 
performed earlier. Processing efficiency, which is the outcome variable of the EZ-
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diffusion model, shared as much as 9.4% of the variance with affective attitudes. 
Correlations with experienced pleasure, recalled affect, and affective attitudes were also 
higher than or comparable to typically reported correlations between processing 
efficiency and validity criteria (Conroy et al., 2010; Hyde et al., 2010; Rebar et al., 2015). 
In contrast, the D-score of the SC-IAT, which is the outcome variable of the D-score 
algorithm (Greenwald et al., 2003) had stronger relations to experienced pleasure and 
recalled affect when the task was performed earlier, but, only the relation to experienced 
pleasure was in a theoretically reconcilable direction. 
The validity of the Visual Probe Procedure (VPP) also seemed to increase as the 
task was performed earlier, in a direction reconcilable with theoretical predictions. For 
participants who completed the task early, for example, the VPP shared 12.1% of the 
variance with affective attitudes. A faster ability to identify the placement of the visual 
probe when it was congruent with the exercise image, compared to when it was 
incongruent with the exercise image, was associated with less positive affective attitudes. 
This suggests that in the exercise context, the results of the VPP may represent 
hypervigilance to threat rather than attentiveness to reward. This response pattern is 
similar in previous investigations focusing on hypervigilance toward threatening images 
(e.g., images of spiders for participants with a high fear of spiders; Mogg & Bradley, 
2006), but contrasts with previous investigations highlighting attentiveness toward 
reward (e.g., smoking-related images for smokers, Bradley, Field, Mogg, & De Houwer, 
2004; Bradley, Mogg, Wright, & Field, 2003, Mogg et al., 2003; alcohol-related images 
for drinkers, Miller & Fillmore, 2010).  The VPP and AST are both measures of implicit 
attentional bias. Interestingly, attentional bias as indicated by the VPP was more strongly 
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related to the validity criteria. Compared to the 12.1% shared variance between the VPP 
and affective attitudes, the AST shared just 2.2% of the variance with recalled affect.  
Effects of measurement order on validity estimates: Mixed results 
Validity estimates did not increase for all implicit measures as the tasks were 
performed earlier. Indeed, correlation coefficients became stronger as other tasks were 
performed earlier, but in the unexpected and theoretically irreconcilable direction. This 
was especially true for the outcome variable of error rate for the EDT and GNAT, the 
PSC-IAT, AMP, and the outcome of response latency for the Extrinsic Affective Simon 
Task (EAST). Further, the outcome of response latency for the EDT was related to 
recalled affect in the theoretically predicted direction, but was also related to affective 
attitudes in the direction not reconcilable with theoretical predictions.  
If the EAST was a valid measure of implicit exercise associations, for example, 
then participants should be expected to respond faster and make fewer errors when 
exercise words are paired with positive words, compared to negative words. However, 
the opposite response pattern occurred, especially based on the validity criterion of 
recalled affect for the participants who completed the task early. 
Comparative validity: Conclusions and future directions 
 Based on these intriguing patterns (see also Appendices C through F), the AAT 
appears to be the most valid measure of implicit exercise associations, regardless of 
whether the AAT is completed early (e.g., first, second, or third), or late (i.e., after 
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several other tasks). The AAT was consistently related to validity criteria in this study. 
This interpretation, however, comes with several caveats.  
 First, the EDT and GNAT (in terms of response latency), SC-IAT, and VPP also 
appear to be promising measures. Each of these measures was increasingly related to at 
least one validity criterion as the task was performed earlier, in the theoretically predicted 
or plausible direction. Still, validity estimates based only on the participants who 
completed the task first, second, and third were obtained from smaller samples (n < 35). 
Second, the results of this dissertation suggest that the AMP, EDT, EAST, PSC-IAT, and 
outcomes of the GNAT and SC-IAT are either unrelated to the validity criteria or related 
but in the opposite from the theoretically predicted direction. These results should also be 
interpreted with the sample size limitations in mind. Some of the measures, such as the 
SC-IAT, EDT, and GNAT, had mixed results. These measures were related to some 
validity criteria in the theoretically predicted direction, but related to others in the 
direction not reconcilable with theoretical expectations.  
Despite these limitations, these results are compelling and warrant further 
investigation and replication attempts. Varying validity estimates based on task order 
were not expected when this study was designed, and the measurement order was 
randomized for each participant in an effort to avoid task-order effects. Figure 5.1 
illustrates the unlikelihood that all of these meaningful validity estimates were due to 
chance. The association between implicit exercise associations and experienced pleasure 
was stronger for the participants who completed the AAT first (r = -.756), compared to 
the participants who completed the AAT last (r = .449). Further, the direction of 
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association between implicit exercise associations and experienced pleasure based on the 
subsample of participants who completed the task last is positive, while the association 
between the AAT and the validity criteria was generally consistently negative based on 
the entire sample and based on the participants who completed the task early (Tables 4.5 
and 4.6).  
 
Figure 5.1. Scatterplots of implicit exercise associations, as indicated by the 
initial response latency on the AAT, and their relation to experienced pleasure. 
Panel A shows the 10 participants who completed the task first. Panel B shows 
the 16 participants who completed the task last. Solid line is line of best fit. 
 
It is evident that some validity estimates increased as tasks were performed 
earlier, highlighting the possibility that validity estimates decrease after performing 
multiple tasks due to fatigue or other factors, at least for some tasks. Further, estimates of 
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internal consistency and validity for several measures were higher than in other reports. 
These results suggest that the measures of implicit exercise associations used here may 
have merit. 
Figure 5.1, however, also illustrates the volatility of small sample sizes, and 
highlights the risk of over-reaching conclusions. The validity estimate based on the 
subsample of participants who completed the AAT last is also higher than the validity 
estimate based on the full sample (r = .449 vs. r = -.020). This post-hoc demonstration 
indicates the need for replication attempts. One can envision the possibility that some of 
these results are unreliable (see uncolored lines in Appendices C through F).  
 Still, the strength of the associations suggests that at least some tasks used in this 
dissertation may have potential as useful measures of implicit exercise associations. 
Future investigators should continue exploring the measures described in this 
dissertation, ideally with the same task structure, stimuli, and instructions. Future 
investigators should pay special attention to task order. Ideally, each task would be 
completed first by an adequate sample of participants. 
 In this study, the same sample of participants completing all nine measures of 
implicit exercise associations was a necessity. The study was designed to allow for 
equitable, direct comparison of validity between nine candidate measures. This required 
the same participants to complete all nine tasks. Moreover, using the theory-based 
validity criteria of experienced pleasure and recalled affect required participants to come 
to the laboratory twice for exercise sessions. One of these sessions required maximal 
volitional exertion by the participants. Both practical and ethical considerations limited 
112 
 
the sample size, which in turn limited the ability for an adequate number of participants 
to complete each task first. 
Recommendations for the future 
 Given the apparent importance of task order discovered in this dissertation, future 
investigators should consider having a much larger sample of participants complete only 
one task, as well as limiting the validity criteria in an effort to reduce burden on 
participants. For example, validity criteria could be restricted to self-reported exercise 
behavior and affective attitudes. In addition, data could be collected using the Internet 
and Inquisit Web (Millisecond Software, LLC, Seattle, WA). Limitations of this 
hypothetical future investigation include theoretically weaker validity criteria and 
comparison of measures using distinct groups of participants. Nevertheless, it has the 
important advantage of allowing each measure to be completed first. Based on the present 
findings, this should allow the strongest validity estimates to be compared between 
measures. The scripts and stimuli used in this study are available to any investigator(s) 
wishing to carry out these efforts. The potential advancements to theory and exercise 
promotion are such that these investigations should be made a priority 
Moderation Analyses 
 An additional purpose of this dissertation was to take an initial step in testing a 
theoretical framework that suggests Type 1 processes, like implicit exercise associations, 
and Type 2 processes, such as explicit attitudes, synergistically influence exercise 
behavior. Though the suggestion that both Type 1 and Type 2 processes influence 
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exercise behavior has been made before (Ekkekakis & Dafermos, 2012; Ekkekakis & 
Zenko, in press; Hofmann, Friese, & Wiers, 2008; Williams & Evans, 2014; Zenko, 
Ekkekakis, & Kavetsos, in press), this dissertation provided an initial test of the 
conceptual framework. 
 Using the only measure of implicit exercise associations determined to be valid 
based on the entire sample, regardless of task order, a series of moderation analyses were 
conducted as an initial test of the joint influence of implicit exercise associations and 
Type 2 processes on exercise behavior. Though the best indicator of Type 2 processes 
remains unknown, several measures were chosen for these analyses. These measures used 
both self-report and objective data collection techniques, and assessed a variety of 
constructs, including indicators of executive functioning, rational thought processing 
styles, myopia, and explicit affective attitudes.  
 None of these constructs significantly moderated the relation between implicit 
exercise associations, as indicated by the AAT, and exercise behavior (Hypothesis 1). 
Further, none of these constructs moderated the relation between implicit exercise 
associations and explicit affective or instrumental attitudes (Hypothesis 2). Though these 
results certainly do not support the idea that implicit exercise associations and Type 2 
processes have a joint influence on exercise behavior, the aforementioned limitations and 
need for future investigation and replication attempts prevent any conclusions about 
moderation effects (or lack thereof) from being made with confidence. 
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Conclusions and Future Directions 
 Future researchers should continue considering the potential moderating effects of 
Type 2 processes. A more reductionist approach may be preferable. This approach may 
involve multiple steps. The first would be to find the “best measure” of implicit exercise 
associations. That was the primary objective of the present study. However, the influence 
of task order makes definitive conclusions about which measure is “best” inappropriate. 
The present results indicate that the AAT may be the most valid measure of implicit 
exercise associations, but this needs to be further substantiated, perhaps using the 
previously described recommendations.  
 Second, researchers should systematically determine the indicators of Type 2 
processing that are most likely to moderate the relation between implicit exercise 
associations and exercise behavior. Some constructs will be more closely related to 
exercise behavior than others. Identifying these constructs is a good starting point. Then, 
researchers can identify measures designed to assess those constructs. This would 
eliminate the need to administer the gamut of measures used in this dissertation. Third, 
researchers can combine the best measure(s) of implicit exercise association with the best 
indicator(s) of Type 2 processing capacities and tendencies, along with valid and reliable 
measures of exercise behavior.  
 This multistep approach represents an ambitious research agenda that will best be 
facilitated by collaboration among a group of researchers over several years. The 
investment is substantial, but expected to result in a fair test of the theoretical framework 
proposed here and the solution of several measurement issues described in this 
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dissertation. This study was meant to solve one critical measurement issue, namely to 
allow researchers to choose a measure of implicit exercise associations with empirical 
justification of reliability and validity. The results of the present study provide a starting 
point.  
 Future work should address the limitations of this study while maintaining the 
strengths. Though validity criteria in future investigations may change, task structure, 
stimuli, and instructions used here evidently resulted in internally consistent 
measurements. Further, each measure has an empirical justification for being called 
“implicit”. These justifications were outlined throughout this dissertation, and future 
investigators can carry them forward.  
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APPENDIX A 
POWER CALCULATIONS 
 
 
 
Note: Screenshot of the power calculations using the G*Power program. 
Available at: http://www.gpower.hhu.de/en.html 
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APPENDIX C 
IMPLICIT MEASURE STRENGTH OF ASSOCIATION WITH EXPERIENCED 
PLEASURE AS A FUNCTION OF TASK ORDER 
 
Abbreviations: IL: Initial Response Latency. FL: Final Response Latency. RL: Response 
Latency. ER: Error Rate. PSC-IAT: Personalized Single-Category Implicit Association 
Test. SC-IAT: Single-Category Implicit Association Test. D: D-score. EZ: Processing 
Efficiency outcome of the EZ-diffusion model.  
Note: The strength of association for measures of implicit exercise associations and  
experienced pleasure is plotted on the figure above. Task order is displayed on the x-axis, 
where the First Tertile reflects tasks presented to participants early (first, second, or 
third), and the Third Tertile reflects tasks presented to participants late (seventh, eight, or 
ninth).  
Colored lines reflect tasks that (a) showed a theory-consistent or theory-reconcilable 
relation to the validity criterion when completed early (r < -.1 or .1 > r) and (b) 
demonstrated deterioration in validity estimates from the First Tertile to the Third Tertile.  
These data suggest that, at least for some measures, task order may impact the relation 
between implicit exercise associations and experienced pleasure.  
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APPENDIX D 
IMPLICIT MEASURE STRENGTH OF ASSOCIATION WITH RECALLED 
AFFECT AS A FUNCTION OF TASK ORDER 
 
Abbreviations: IL: Initial Response Latency. FL: Final Response Latency. RL: Response 
Latency. ER: Error Rate. PSC-IAT: Personalized Single-Category Implicit Association 
Test. SC-IAT: Single-Category Implicit Association Test. D: D-score. EZ: Processing 
Efficiency outcome of the EZ-diffusion model.  
Note: The strength of association for measures of implicit exercise associations and  
recalled affect is plotted on the figure above. Task order is displayed on the x-axis, where 
the First Tertile reflects tasks presented to participants early (first, second, or third), and 
the Third Tertile reflects tasks presented to participants late (seventh, eight, or ninth).  
Colored lines reflect tasks that (a) showed a theory-consistent or theory-reconcilable 
relation to the validity criterion when completed early (r < -.1 or .1 > r) and (b) 
demonstrated deterioration in validity estimates from the First Tertile to the Third Tertile.  
These data suggest that, at least for some measures, task order may impact the relation 
between implicit exercise associations and recalled affect. 
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APPENDIX E 
IMPLICIT MEASURE STRENGTH OF ASSOCIATION WITH AFFECTIVE 
ATTITUDES AS A FUNCTION OF TASK ORDER 
 
Abbreviations: IL: Initial Response Latency. FL: Final Response Latency. RL: Response 
Latency. ER: Error Rate. PSC-IAT: Personalized Single-Category Implicit Association 
Test. SC-IAT: Single-Category Implicit Association Test. D: D-score. EZ: Processing 
Efficiency outcome of the EZ-diffusion model.  
Note: The strength of association for measures of implicit exercise associations and  
affective attitudes is plotted on the figure above. Task order is displayed on the x-axis, 
where the First Tertile reflects tasks presented to participants early (first, second, or 
third), and the Third Tertile reflects tasks presented to participants late (seventh, eight, or 
ninth).  
Colored lines reflect tasks that (a) showed a theory-consistent or theory-reconcilable 
relation to the validity criterion when completed early (r < -.1 or .1 > r) and (b) 
demonstrated deterioration in validity estimates from the First Tertile to the Third Tertile.  
These data suggest that task order may impact the relation between implicit exercise 
associations and affective attitudes, as indicated by the processing efficiency outcome of 
the SC-IAT. 
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APPENDIX F 
IMPLICIT MEASURE STRENGTH OF ASSOCIATION WITH EXERCISE 
BEHAVIOR AS A FUNCTION OF TASK ORDER 
 
 
Abbreviations: IL: Initial Response Latency. FL: Final Response Latency. RL: Response 
Latency. ER: Error Rate. PSC-IAT: Personalized Single-Category Implicit Association 
Test. SC-IAT: Single-Category Implicit Association Test. D: D-score. EZ: Processing 
Efficiency outcome of the EZ-diffusion model.  
Note: The strength of association for measures of implicit exercise associations and  
exercise behavior is plotted on the figure above. Task order is displayed on the x-axis, 
where the First Tertile reflects tasks presented to participants early (first, second, or 
third), and the Third Tertile reflects tasks presented to participants late (seventh, eight, or 
ninth).  
Colored lines reflect tasks that (a) showed a theory-consistent or theory-reconcilable 
relation to the validity criterion when completed early (r < -.1 or .1 > r) and (b) 
demonstrated deterioration in validity estimates from the First Tertile to the Third Tertile.  
These data suggest that, at least for some measures, task order may impact the relation 
between implicit exercise associations and exercise behavior.  
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